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DISCLAIMER: 


This Recovery Plan is not intended to provide details on all aspects of Mexican spotted owl management. 

The Recovery Plan outlines steps necessary to bring about recovery of the species. The Recovery Plan is not 

a “decision document” as defined by the National Environmental Policy Act (NEPA). It does not allocate 
resources on public lands. The implementation of the recovery plan is the responsibility of Federal and State 
management agencies in areas where the species occurs. Implementation is done through incorporation of 
appropriate portions of the Recovery Plan in agency decision documents such as forest plans, park manage- 

ment plans, and State game management plans. Such documents are then subject to the NEPA process for 

public review and selection of alternatives. 
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This document should be referenced ‘n literature citations as follows: 


USDI Fish and Wildlife Service. 1995. Recovery plan for the Mexican spotted owl: Vol. 
Albuquerque, New Mexico. 172pp. 
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$430 Grosvenor Lane, Suite 110 
Bethesda, MD 20814 

(303) 492-6403 
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EXECUTIVE SUMMARY 


INTRODUCTION 


The Mexican spotted owl was listed as a 
threatened species on 15 April 1993. Two 
primary reasons were cited for the listing: his- 
torical alteration of its habitat as the result of 
of even-aged silviculture, plus the threat of 
these practices continuing, as provided in Na- 
tional Forest Plans. The danger of catastrophic 
wildfire was also cited as a potential threat for 
listing of the Mexican spotted owl, a Recovery 
Team was appointed by FWS Southwestern 
Regional Director John Rogers to develop a 
Recovery Plan for the Mexican spotted owl. 

This Recovery Plan provides a basis for 
management actions to be undertaken by land- 
management agencies and Indian Tribes to 
spotted owl. Primary actions will be taken by the 
USDA Forest Service, USDI Bureau of Land 
Management, USDI Fish and Wildlife Service, 
USDI Bureau of Indian Affairs, and sovereign 
American Indian Tribes. The Fish and Wildlife 
Service will oversee implementation of the 
Recovery Plan through its authorities under the 
Endangered Species Act. 

The Team made every effort to identify and 
consider all sources of information in developing 
northern spotted owl (Thomas et al. 1990, Bart 
et al. 1992) and the California spotted owl 
(Verner et al. 1992) were considered in the 
development of this Recovery Plan. The Team 
analyzed data that had not been evaluated 
previously and re-analyzed data when appropri- 
ate to ensure that information was consistent or 
to address questions not considered in previous 
analyses of those data. 


RECOVERY GOAL 


The purpose of this Recovery Plan is to 
outline the steps necessary to remove the Mexi- 
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can spotted owl from the list «4 threatened 
species. 
THE RECOVERY PLAN 


elements: 


1. A recovery goal and a set of delisting 


and the effects of anthropogenic activi- 
ties on the owl and its habitat. 


5. Implementation procedures that 
‘ilies 


Each of these clements is described briefly 
below. 


Delietiner Coleen 


The primary threat to the Mexican spotted 
owl leading to its listing as a threatened species 
was the alteration of its habitat in Arizona and 
New Mexico as the result of timber manage- 
ment, specifically even-aged management. 
Mexican spotted owls use a variety of habitats, 
but are typically associated with multi-canopied 
stands of mature mixed-conifer and ponderosa 
even-aged shelterwood prescriptions that in- 
cluded short rotations and the removal of large 





structures which adversely affected > 300,000 ha 
(800,000 ac) of spotted owl habitat (Fletcher 
1990). Existing Forest Placs call for continued 
to continued loss of owl habitat. However, the 
Team recognizes and is encouraged by recent 
efforts to amend existing Forest Plans to de- 
emphasize the use of even-aged silviculture and 
incorporate 1s management guidelines provided 

The range of the Mexican spotted owl was 
divided into six Recovery Units in the United 
States and five in Mexico. Recovery Units were 
based on various factors including biotic prov- 
inces, the spotted owl's ecology, and manage- 
ment considerations. If delisting criteria are met, 
Recovery Units can be delisted separately. The 
following criteria must be met for deli ting to be 
considered: (1) the population in the mree most 
populated Recovery Units must be stable or 
increasing after 10 years of monitoring; (2) 
scientifically-valid habitat monitoring protocols 
are designed and implemented to assess (a) gross 
changes in habitat quantity across the range of 
the Mexican spotted owl, and (b) habitat modifi- 
cations and habitat trajectories within treated 
stands; and (3) a long-term management plan is 
in place to ensure appropriate management for 
the spotted owl and its habitat. If these three 
criteria are met, then the Mexican spotted owl 
can be delisted within any Recovery Unit if 
threats have been moderated or regulated, and if 
habitat trends are stable or increasing. 


Levels of Protection 


General recommendations are proposed for 
three levels of management: protected areas, 
restricted areas, and other forest and woodland 
types (Table ES.1). Protected areas include a 243 
ha (600 ac) “Protected Activity Center” (PAC? 
placed at known or historical nest and/or roost 
sites, slopes >40% in mixed-conifer and pine-oak 
forests that have not been harvested within the 
past 20 years, and administratively reserved 
lands. Harvest of trees >22.4 cm (9 inches) dbh 
(diameter at breast height) is not allowed within 
protected areas, but light underburning is 
permitted on a case-specific basis as needed to 
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reduce fuels. Also, a fire risk-abatement program 
is propox<d to allow the weatments of fucls using 
2 combination of fuel removal and fire. This 
management can be conducted initially within 
10% of the PACs, after which time che effective- 
ness of the program should be evaluated. Similar 
management can be conducted on steep slopes, 

Restruzed areas include ponderosa pine- 
Gambel oak and mixed-conifer forests and 
riparian environments. Tareet/threshold criteria 
are provided to define the proportion of the 
landscape that should be in or approaching 
conditions suitable for nesting and roosting. The 
remainder of the landscape should be managed 
in such a way to allocate stands to ensure a 
sustained provision of nes: and roost habitat 
through time. Broad guidelines for riparian 
systems emphasize the maintenance and restora- 
tion of riparian areas to ensure a mix of size and 
age classes. 

Other forest and woodland types include 
ponderosa pine and spruce-fir forests, pinyon- 
juniper woodlands, and aspen groves that are net 
included within PACs. No specific guidelines are 
proposed, but general recommendations are 
given to manage these areas for landscape diver- 
sit) within natural ranges of variation. 


Population and Habitat Monitoring 


The Recovery Plan provides a detailed 
program to monitor spotted owl populations 
and habitats. Both are key components of the 
delisting criteria. Population monitoring is 
restricted to the three most populated Recovery 
Units because their spotted owl populations 
meet sample size criteria for the monitoring 
design. Further, these Recovery Units comprise 
the core Mexican spotted owl population and 
the Tear assumes that their population status 
reflects that of the entire population. The design 
presented in the Recovery Plan entails the use of 
mark-recapture methodology on random quad- 
rats to estimate key population parameters. The 
objectives of the habitat monitoring are (a) to 
track gross changes is habitat quality and quan- 
tity using remote sensing technology, and (b) to 
evaluate whether treatments meet the desired 
goal of setting stands on trajectories to become 
replacement habvitat. 
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Table ES.1. Overview of management categories by vegetation rype for lands not 





Timber Harvest 

Vegetation In Nest Slope Within Past Management 

Type Area?’ > 40% 20 Years? Category 
Any Yes Protected 
Mixed-conifer No Yes No Protected 
Pine-Oak No Yes No Protected 
Mixned-conifer No Yes Yes Restricted 
Pine-Oak No Yes Yes Restricted 
Mixed-conifer No No Restricted 
Pine-Oak No No Restricted 
Ponderosa Pine No No Other types 
Spruce-Fir No No Other types 
Pinyon-Juniper No No Other types 
Aspen No No Other types 
Oak No No Other types 





‘Refers to land comtained within a protected activity cemter 


The Recovery Team made extensive use of 
and evaluating these data, it became evider: that 
additional information was needed to refine the 
recovery measures. Past research efforts empha- 
on basic life history needs of the spotted owl. 
approaches will be needed to address questions 
effect of management on spotted owls and other 


outlines steps needed for the execution of the 
recovery measures. These implementation 
guidelines include the formation of an inter- 
agency working team for cach Recovery Unit to 
oversee implementation of the recovery measures 
that encompass four broad areas: resource 
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CONCLUSION 


The Recovery Plan is based largely on final 
and preliminary results of field studies of spotted 
bution. The Team relied on information pub- 
lished in the both scientific and “gray” literature. 
If data were available but unanalyzed, the Team 
made every reasonable effort to conduct those 
analyses. Reanalyses of data were conducted 
when the Tearn wished to address questions not 
addressed by those who collected the data. Thus, 
of knowledge on the Mexican spotted owl. 

The Recovery Plan recommendations are a 
combination of (1) protection of both occupied 
habitats and unoccupied areas approaching 
characteristics of nesting habitat, and (2) imple- 
mentation of ecosystem management within 
unoccupied but potential habitat. The goal is to 
ted owls where they exist and set other stands on 
a trajectory to grow into replacement nest 
habitat or to provide conditions for foraging and 








dispersal. By necessity this Plan ts a hybrid 
approach because the status of the Mexican 
spotted owl as a threatened species requites some 
level of protecuion unul the subspecies ts 
delisted. These constraints modily ways and 
opportunitics to manage ccosystems within 
lands apes where owls occur or migh: occur in 
the future. The Plan advocates applying, ccosys 
tcm management in two slightly different ways. 
Within unoccupied mixed conifer and pine oak 
forest on <40 %o slope, we provide both general 
(coarse filter) and specific (fine filter) guidelines 
to provide a sustamable quantity of replacement 
nest habitat across the Landscape. Within other 
unoccupied forest and woodland types (e.¢.. 
ponderosa pine, spruce fir, aspen, and pinyon 
juniper), general guidance ts provided for man 
aging the Landscape to meet multiple resource 
objectives including spotted owl foraging, and 
dispersal habitat. 

Management priority should focus on 
actions to alleviate threats to Mexican spotted 
owls; thereatter, or in coordination with alleviat 
ing threats, other management prioritics (e.g. 
creating replacement owl habitat) should be 
pursued. Iwo primary threats that should be the 
focus of such management priorities are cata 
strophic wildfire and widespread use of even 
aged silviculture, 

Heavy accumulations of ground and ladder 
fuck have rendered many Southwestern forests 
vulnerable to stand replacing tires. Such fires 
represent a real and immediate threat to the 
existence of spotted owl habitat, The manage 
ment guidelines are intended to provide land 
managers with flexibility to reduce these tuel 
levels and abate fire risks. Fire management 
should be given the highest priority. 

bven- aged silviculture within potential owl 
habitat ts regarded as a threat because it tends to 
simplify stand structure and move stands away 
from contaming owl habitat characteristics. The 
loam recognizes, however, that such regenera 
Hon cuts may provide useful tools in special 
Circumstances to manage for spotted owls and 
other ecosystem objectives. Any use of even aged 
management should be done sparingly and only 
after caretul deliberation to ensure that it repre 
sents the best approach to mect management 
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Under -toposed delisting onteria the owl 
could be delisted within 10 years, rendering, the 
praciion measures in this Recowery Plain 
obsolete. At that time, sufficient knowledge 
should be available to design a strategy tor long 
tcrm conservation of the Mexican spotted owl, 
Many of the ccosystem management guidelines 
provided in this Plan will provide a foundation 
lor development of the long-term strategy. In 
formulating the recommendations, the lceam 
assumes that population and habitat status will 
be monitored in conjunction with implementa 
von of these management guidelines. Therctore, 
the management guidelines are not meant to 
stand alone. Monitoring, provides objective 
criteria to assess the efficacies of the management 
guidelines. Without both habitat and population 
monitoring, the status of the owl cannot be 
assessed and it should not be delisted. We turther 
assume that existing management constraints on 
vegetative manipulations (such as size of open 
ings and mamtenance of hiding and thermal 
cover for other species) will remain in place. Phas 
assumption ts especially critical for vegetation 
types - ponderosa pine, pinven-juNIper, aspen. 
and spruce fir-tor which we provide no specific 
Management recommendations. 

The Recovery Plan presents realistic goals tor 
recovery of the species and its ultimate delisting, 
The goals are flexible in that they require local 
land managers to make site specific decisions, 
Success of the plan, however, hinges on the 
commitment and coordination among, the 
various bederal and State land management 
agencies, sovereign Indian nations, and the 
private sector to ensure that the plan ts followed 
and executed as intended by the Leam. 
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A. RECOVERY PLANNING 


The USDI Fish and Wildlife Service (FWS) 
added the Mexican spotted owl to the List of 
Threatened and Endangered Wildlife (50 CFR 
17.11) as a threatened species, effective on 15 
April 1993. Section 4(f)(1) of the Endangered 
Species Act of 1973, as amended (Act) (16 
U.S.C. 1531), requires the Secretary of the 
Interior (usually delegated to the Director of the 
FWS) to “...develop and implement (recovery) 
plans for the conservation of endangered species 
and threatened species...unless he finds that such 
a plan will not promote the conservation of the 
species.” 

To develop scientifically credible recovery 
plans for listed species, the FWS may appoint 
recovery teams comprised of scientists and 
resource specialists with expertise either on the 
species being considered or with other relevant 
expertise. In the case of the Mexican spotted 
owl, the FWS appointed the Mexican Spotted 
Owl Recovery Team (Recovery Team). A list of 
Recovery Team members and their areas of 
expertise can be found in Appendix A. A chro- 
nology of Recovery Team activities is provided in 
Appendices B and C. 

Recovery teams present recovery plans to the 
FWS as their recommendation on the steps 
necessary to remove a species from the List of 


Threatened and Endangered Wildlife and Plants. 


Removal from the list, or “delisting,” means the 
species is no longer in need of protection under 
the Act and is therefore considered “recovered.” 
If deemed acceptable, the Director of the FWS 
Region assigned the lead for that species ap- 
proves the plan. 

The FWS, pursuant to requirements under 
section 4(f)(4) of the Act, published a Notice of 
Availability of the Draft Mexican Spotted Ow! 
Recovery Plan in the Federal Register on March 
27, 1995 (G0 FR 15787). In addition to this 
general solicitation for information and public 
comment, the FWS sent copies of the draft 
Recovery Plan to numerous Federal and State 
agencies, Indian Tribes, county governments, 
environmental and industry groups, and others 
who had expressed interest in the Mexican 
spotted owl. Finally, specific professional organi- 
zations and individuals were asked to provide 
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peer review of either the entire document or 
portions treating subjects within their specific 
areas of expertise. A list of reviewers is provided 
in Appendix E. 

Recovery plans are neither self-implementing 
nor legally binding. Rather, approved recovery 
plans effectively constitute FWS policy on that 
listed species or group of species, thereby guiding 
the Service in conducting various processes 
required under the Act, such as section 7 consul- 
tation, conservation planning under section 10, 
and other procedures. In most cases, recovery 
plans are followed by other Federal agencies in 
compliance with the mandate under sections 
2(c)(1) and 7(a)(1) of the Act to utilize their 
authorities in carrying out programs for the 
conservation of endangered and threatened 
species. In addition, State and local governments 
usually follow the recommendations of recovery 
plans in their species conservation efforts. 

Section 4(f)(1)(B) of the Act specifies the 
contents of a recovery plan: 


“(i)_ a description of such site-specific 
management actions as may be neces- 
sary to achieve the plan's goal for the 
conservation and survival of the 
species” (I11.B); 


“(ii) objective, measurable criteria which, 
when met, would result in a 
determination...that the species be 
removed from the list” (IIL.A); 


“(iii) estimates of the time required and the 
cost to carry out those measures 
needed to achieve the plan's goal and 
to achieve intermediate steps toward 
that goal” (IV.C and IV.D). 
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B. LISTING 


The Mexican spotted owl is one of three 
spotted owl subspecies (see ILA). Under section 
3 of the Act, the term “species” includes ~...any 
subspecies of fish or wildlife...-. Although the 
Mexican spotted owl is a subspecies, it is some- 
times referred to as a “species” in this document 
when discussed in the context of the Act or other 
laws and regulations. An “endangered species” is 
defined under the Act as “...any species which is 
in danger of becoming extinct throughout all or 
a significant portion of its range....” A threat- 
ened species is one ~...which is likely to become 
an endangered species in the foreseeable future 
throughout all or a significant portion of its 
range.” Section 4 (A)(1) of the Act lists five 
factors that can, either singly or collectively, 
result in listing as endangered or threatened: 


“(A) the present or threatened destruction, 
modification, or curtailment of its 
habitat or range: 


(B) overutilization for commercial, recre- 
ational, scientific, or educational 


purposes; 
(C) disease or predation; 


(1D) the inadequacy of existing regulatory 
mechanisms; 


(E) other natural or man-made factors 
affecting its continued existence.” 


The final rule listing the Mexican spotted 
owl as a threatened species (final rule) (58 FR 
14248) provides a detailed discussion of the 
primary factors (A and D) leading to the deter- 
mination of threatened status. It should be noted 
that the Recovery Team summarizes the final 
rule here for information purposes only. The 
Recovery Teams assessment of the current 
situation with regard to the subspecies’ status 
and threats is reflected in Part III. The following 
briefly summarizes the factors leading to the 
species listing, as discussed in the final rule: 
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THE PRESENT OR THREATENED 
DESTRUCTION, MODIFICATION, 
OR CURTAILMENT OF ITS 
HABITAT OR RANGE 


Past, current, and future timber-harvest 
practices in the Southwestern Region (Region 3) 
of the USDA Forest Service (FS) were cited as 
the primary factors leading to listing the Mexi- 
can spotted owl as a threatened species. The final 
rule stated that the Southwestern Region of the 
FS managed timber primarily under a 
shelterwood harvest regime. This harvest method 
produces even-aged stands rather than the 
uneven-aged, multi-layered stands most often 
used by Mexican spotted owls for nesting and 
roosting. In addition, the shelterwood silvicul- 
tural system calls for even-aged conditions in 
perpetuity. Thus, stands already changed from 
“suitable” to “capable” would not be allowed to 
return to a “suitable” condition; and acreage 
slated for future harvest will be similarly ren- 
dered perpetually unsuitable for Mexican spotted 
owl nesting and roosting. 

The final rule stated that “...significant 
portions of spotted owl habitat have been lost or 
modified,” and cited Fletcher (1990) in estimat- 
ing that 420,000 ha (1,037,000 ac) of habitat 
were converted from “suitable” to “capable.” Of 
this, about 78.7%, or 330,000 ha (816,000 ac), 
was a result of human activities, whereas the 
remainder was converted naturally, primarily by 
wildfire. According to the final rule, forest plans 
in the FS Region 3 allowed for up to 95% of 
commercial forest (59% of suitable spotted owl 
habitat) to be managed under a shelterwood 
system. The loss of lower- and middle-level 
riparian habitat plus habitat lost to recreation 
developments were also cited in the final rule as 
factors in habitat loss. 











OVERUTILIZATION FOR 
COMMERCIAL, RECREATIONAL, 
SCIENTIFIC, OR EDUCATIONAL 

PURPOSES 


The final rule stated that scientific research 
has the greatest potential for overutilization of 
the Mexican spotted owl, whereas birding, 
educational field trips, and agency “show me” 
trips are likely to increase as the owl becomes 
better known. The effects of these activities, 


cither chronically or acuteiy, are unknown. 


DISEASE OR PREDATION 


The final rule stated that great horned owls 
and other raptors are predators of Mexican 


spotted owls. It also implied that forest manage- 


ment created ecotones favored by great horned 
owls, thus creating an increased likelihood of 
contact between the two species. 


Vy 
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INADEQUACY OF EXISTING 
REGULATORY MECHANISMS 


The final rule discussed various Federal and 
State laws and agency management policies, 
concluding that existing regulatory mechanisms 
were inadequate to protect the Mexican spotted 
owl. For further discussion on extant regulatory 
mechanisms, refer to Part IV. 


OTHER NATURAL OR MANMADE 
FACTORS AFFECTING ITS 
CONTINUED EXISTENCE 


The final rule cited wildfires as a past and 
future threat to spotted owl habitat. The poten- 
tial for increasing malicious and accidental 
anthropogenic harm to the species was also cited 
as a possible threat. In addition, the final rule 
recognized the potential for the barred owl to 
expand its range into that of the Mexican spot- 
ted owl, resulting in possible competition and/or 
hybridization. 't was speculated that habitat 
fragmentation may encouray: and hasten this 
expansion. 
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C. PAST AND CURRENT MANAGEMENT 
OF THE MEXICAN SPOTTED OWL 


Prior to the proposed listing of the Mexican 
spotted owl, some Federal agencies and involved 
States had conferred special status on the subspe- 
cies (e.g., State “threatened,” FS “sensitive,” 
FWS “candidate”) in recognition of its rarity. 
habitat preferences and threats to those habitat 
types, and/or need of special management 
considerations. This section summarizes the 
special status assigned to the subspecies and the 


resulting conservation efforts. 
FISH AND WILDLIFE SERVICE 


The FWS listed the entire spotted owl 
species as a Category-2 candidate in its 6 January 
1989 Notice of Review (54 FR 554). Category-2 
candidates are those species that the FWS 
believes may qualify for listing as threatened or 
endangered but for which insufficient informa- 
tion is available to support the required rule- 
making process. The northern subspecies was 
listed as threatened in 1990; the California and 
Mexican subspecies remained in Category-2 
candidate status. 

The Mexican spotted owl was proposed for 
listing as a threatened species on 4 November 
1991 (56 FR 56344) as a result of a status review 
prompted by a petition to list the subspecies. 
Following publication of the listing proposal, the 
FWS attempted to develop a conservation 
agreement with involved Federal agencies to 
conserve the Mexican spotted owl. This effort 
was unsuccessful, so the final rule was published 
on 16 March 1993 (58 CFR 14248). Critical 
habitat was not determinable at the time of 
listing. 

Since the listing of the subspecies, the FWS 
has been conducting the processes associated 
with listed species under the Act, such as section 
7 consultation on Federal actions that may affect 
the subspecies, issuance of research permits 
under Section 10, and recovery planning under 
section 4, including funding of several research 
projects. 

Two petitions to delist the species have been 
reviewed by the FWS. In both cases, delisting 
was determined to be “not warranted” because 
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the petitions failed to present substantial scien- 
tific and commercial information to support 
their assertion that the species should be 
discussions of the issucs raised in the petitions, 
were published in the Federal Register on 23 
September 1993 (58 FR 49467) and | April 
1994 (59 FR 15361). 

Mexican spotted owl on 7 December 1994 (59 
FR 63162), and published the final critical 
habitat rule on 6 June 1995 (G0 FR 29914). 
Since that time, the FWS has been in consulta- 
tion with action agencies on the effects of 
proposed and ongoing actions on critical habitat. 


FOREST SERVICE 


The primary administrator of lands support- 
ing Mexican spotted owls in the United States is 
the FS. Most spotted owls have been found 
within FS Region 3 (including 11 National 
Forests in Arizona and New Mexico). The Rocky 
Mountain (Region 2, including two National 
Forests in Colorado) and Intermountain (Region 
4, including three National Forests in Utah) 
Regions support fewer spotted owls. 


Forest Service Southwestern Region 
(Region 3) 


Prior to the listing of the Mexican spotted 
owl, FS Region 3 issued detailed guidelines for 
its management. Those guidelines were issued as 
Interim Directive Number 1 (ID No. 1) in June 
1989, then revised and reissued as ID No. 2 
approximately one year later. Although ID No. 2 
expired in December 1991, FS Region 3 has 
continued managing under those guidelines. 

Interim Directive Number 2 guidelines 
required establishing management territories 
around all nv-sting and roosting spotted owls, as 
well as territorial owls detected at night for 
which daytime locations were not recorded. All 
management territories except those on the 
Lincoln and Gila Naisonal Forests had a 182-ha 








(450 ac) core area surrounded by 627 ha (1,550 
ac) of the “best available” habiru, extending the 
area to 809 ha (2,000 ac) per management 
territory. On the Lincoln and Gila National 
Forests, the 182-ha (450 ac) cores were aug- 
mented by an additional 425 ha (1,050 ac) of 
habitat, for a total management territory size of 
G07 ha (1,500 ac). 

Except for road construction, habitat degra- 
dation was not allowed within management 
territory cores. In the remainder of the manage- 
timber harvest, were limited to 209-314 ha 
(516-775 ac). The FS guidelines provided no 
protection for unoccupied habitat except in 
lands. 

The FS Region 3 has been in the process of 
amending forest plans through the National 
Environmental Policy Act (NEPA) process to 
incorporate the management recommendations 
contained in this Recovery Plan. The Recovery 
Team commends that effort. 


(Region 2) 

Region 2 of the FS formed a task force in 
1992 to begin developing management guide- 
lines for the Mexican spotted owl. These man- 
agement guidelines are still in draft form and 
have not been formally approved and adopted by 
FS Region 2. However, management activities 


continue to be examined on a case-by-case basis, 


and ID No. 2 may be used as a general guideline. 


Forest Service Intermountain Region 
(Region 4) 


Prior to the listing of the Mexican spotted 
owl, biologists from FS Region 4 and Utah's 
other land and wildlife management agencies, 
plus owl researchers, formed the Utah Mexican 
Spotted Owl Working Group (Working Group). 
The Working Group meets annually to identify 
and address issues pertaining to the management 
and conservation of Mexican spotted owls in 
Utah (Kate Grandison, FS, Cedar City, UT, pers. 
comm.). The Utah Mexican Spotted Ow! 
Technical Team (Technical Team) was formed by 
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the Working Group to focus on spotted owl 
issucs such as (1) potential impacts to Mexican 
spotted owls in southern Utah; (2) current 
research and future research needs and priorities; 
(3) inventory and monitoring protocols; (4) 

by all land management agencies in southern 
Utah; and (5) dissemination of information 
from the Working Group and Technical Team to 
management and administrative levels. The goals 
of the Technical Team, which is composed of 
biologists from the FWS, FS, USDI Bureau of 
Land Management (BLM), USDI National Park 
Service (NPS), Utah Division of Wildlife Re- 
sources (UD WR), and a researcher/technical 
consultant, are to provide land and wildlife 
managers with the information necessary to 
ensure the protection of Mexican spotted owls 
and to suggest strategies for managing spotted 
owl habitat in Utah. 

The Technical Team developed “Suggestions 
for Management of the Mexican Spotted Owl in 
Utah.” These suggestions were sent to line 
officers for approval on 5 August 1994. Manage- 
ment territories on the Manti-l aSal National 
Forest were established using these suggestions, 
although ID No. 2 has also been adopted by 
Region 4. Iaterim Directive No. 2 was modified 
in March 1994 in Region 4 to change the survey 
protocol to include only potential breeding 
habitat in canyon areas below 2,590 m (8,500 
ft). 

According to the suggestions, management 
territory size should be 1,330 ha (3,350 ac) with 
355-ha (875 ac) core areas of canyon habitat. In 
addition, a 0.8-km (0.5 mi) protection area 
centered on the nest site was established to 
protect the nest stand and surrounding areas. 
Habitat degradation is not allowed in the man- 
agement territory areas. A “potential dispersal 
area’ extends 58 km (35.8 mi) beyond the 
perimeter of the management territory. This area 
can be used for timber harvest, but post-harvest 
conditions must meet a reasonable facsimile of 
the 50-11-40 dispersal rule developed by Tho- 
mas et al. (1990). Forest Service Region 4 
continues to manage under ID No. 2, with the 
above modifications, except where superseded by 
the “Suggestions for Management of Mexican 
Spotted Owls in Utah.” 





OTHER FEDERAL AGENCIES 
National Park Service 


Several NPS-administered units are known 
to support Mexican spotted owls, including 
Parks plus Glen Canyon National Recreation 
Area in Utah; Mesa Verde National Monument 
in Colorado; Grand Canyon National Park plus 
Saguaro, Walnut Canyon, and Chiricahua 
National Monuments in Arizona; Bandelier 
National Monument in New Mexico; and 
Guadalupe Mountains National Park in Texas. 

The National Park Service Organic Act 
protects all wildlife on National Parks and 
Monuments. However, no specific management 
guidelines are in place for Mexican spotted owls, 
and the effectiveness of applying general laws 
and policies for spotted owls is difficult to 


evaluate. 


Bureau of Land Management 


The BLM has developed management 
policies specifically for the Mexican spotted owl 
in Colorado and New Mexico. The Colorado 
guidelines state that “...in areas with a confirmed 
nest oF roost site, surface management activities 
will be limited and will be determined on a case- 
by-case basis to allow as much flexibility as 
possible outside of the core area.” The BLM in 
Colorado has management guidelines for oil and 
gas development where Mexican spotted owls are 
known to occur. No surface occupancy is al- 
lowed within 0.4 km (0.25 mi) of a nest or roost 
site, and restrictions on other associated activities 
apply between | February and 31 July. Spotted 
ow! management policy by the BLM in New 
Mexico establishes and preserves cores of habitat 
wherever the owl is found. The BLM determines 
the size of the cores on a case-by-case basis. 

The BLM in Colorado follows the survey 
techniques of the FS Region 3 spotted owl 
protocol. Management territories have not been 
designated for known birds. Surveys are con- 
ducted in areas of potential habitat where 
projects are planned that may be in conflict with 


spotted owl management. 
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The BLM in Utah has no specific internal 
guidelines on management practices for Mexican 
participate in producing “Suggestions for the 
Management of Mexican Spotted Owls in 
Utah.” The BLM will incorporate management 
prescriptions for the Mexican spotted owl and its 
potential habitat into resource management 
plans as they are updated over the next several 
years. 


The BLM in Arizona has no specific guide- 
lines for managing Mexican spotted owls. 
However, the standard BLM procedure for 
assessing impacts on threatened or endangered 
species will be followed for projects proposed in 
spotted owl habitat. Guidelines for protecting 
the owl or its habitat would then be developed 
on a site-specific basis (Ted Corderey, BLM, 
Endangered Species Coordinator, Phoenix 
Office, pers. comm.). 


Department of Defense 


The Fort Huachuca Military Reservation 
(Post) in southeastern Arizona is the only mili- 
tary land known to support nesting Mexican 
spotted owls. On the Post, military activity in 
spotted owl habitat is generally confined to 
various foot maneuvers, although the Army is 
considering expanding some tank maneuvers 
into higher elevations where the owl occurs 
(Sheridan Stone, Fort Huachuca Military Reser- 
vation, pers. comm.). One spotted owl site has 
been popular with birders for a number of years, 
but the effect of this activity is unknown. The 
Army also considers wildfire to be a potential 
threat and assesses the possibility of wildfire 
ignition when designing military activities on 
the Post. 

Wintering Mexican spotted owls have been 
found on Fort Carson, near Colorado Springs, 
Colorado, and breeding owls are present on the 
Fremont Military Operating Area, which in- 
cludes FS and BLM lands designated for con- 
ducting military maneuvers. Finally, low-level 
military air operations in some areas have been 
identified as actions that may affect Mexican 
spotted owls. Such operations are likely to 
increase in the next several years, and the De- 
partment of Defense is currently funding studies 








of the effects of these activities on spotted owls 
(M. Hildegard Reiser, Holoman Air Force Base, 
pers. comm.). 


STATES 
Arizona 


The Mexican spotted owl is listed as “threat- 
ened” on the list of “Threatened Native Wildlife 
in Arizona” (Arizona Game and Fish Depart- 
ment 1988). The Arizona Game and Fish 
Department has authority to manage wildlife 
under provisions of Arizona Revised Statute 17, 
the goal of which is to maintain State's natural 
ened and endangered species. “Threatened” 
species is defined as “...chose species or subspe- 
cies whose continued presence in Arizona could 
be in jeopardy in the near future. Serious threats 
have been identified and populations are (a) 
lower than they were historically or (b) extremely 
local and small.” 

Threatened status provides no special protec- 
tion to species, although it does provide a 
mechanism through which the state can allocate 
Heritage Program grants to fund research for 
Arizona wildlife rules make it unlawful “...unless 
otherwise prescribed...for a person to...take, 
possess, transport, buy, sell or offer or expose for 
sale wildlife, except as expressly permitted ....” 


New Mexico 


The State of New Mexico confers no special 
status on spotted owls. However, New Mexico 
Statute 17-2-14 makes it unlawful “...for any 
person to take, possess, trap or ensnare, or in any 
manner to injure, maim or destroy birds of the 
order Strigiformes. However, permits may be 
obtained to take owls for purposes of Indian 
religion, scientific study, or falconry. In addition, 
persons who commercially raise poultry or game 
birds may legally kill any owl that has killed their 
stock. 
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Colorado 


The Mexican spotted owl was listed as 
threatened by the Colorado Division of Wildlife 
(CDOW) in 1993. “Threatened” wibllife is 
defined as “...any species or subspecies of wildlife 
which, as determined by the Colorado Wildlife 
Commission, is not in immediate jeopardy of 
extinction but is vulnerable because it exists in 
such small numbers or is so extremely restricted 


«ale...any species or subspecies of [threatened] 
wildlife...” In addition, the CDOW is legisla- 
tiv ly mandated to “...cstablish such programs 
including acqtisition of land...as are deemed 
necessary for management of...threatened 
species.” An interagency working group 
Colorado. 


Utah 


The UDWR included the Mexican spotted 
owl as a sensitive species on its 1987 Native Utah 
Wildlife Species of Special Concern list (UDWR 
1987). “Sensitive” wildlife is defined as “...any 
wildlife species which, although still occurring in 
numbers adequate for survival, whose population 
has been greatly depleted, is declining in num- 
bers, distribution, and/or habitat (S1); or occurs 
in limited areas and/or numbers duc to a re- 
stricted ot specialized habitat (S2).” A manage- 
ment, is needed for these sensitive species. 

The owl's status was clevated to “Threat- 
ened” in the revised draft list in 1992 (UDWR 
1992). According to UDWR definition, “threat- 
ened” species include “...any wildlife species, 
subspecies, or population which is likely to 
become an endangered species within the fore- 
secable future throughout all or a significant 
portion of its range in Utah or the world.” 

Both sensitive and threatened species receive 
“protected” status under Utah's wildlife codes. 
For species under protected status, “...[A] person 





may not take..protected wildlife or their parts; 
an occupied nest of protected wildlife; or an 
eg of proveceed wildlite.” Nor may a person 


for T-xas, and most of the location records are in 
Gesdalupe National Park. Thus, the State of 
Texas has no spotted owl program. However, 
Texas Parks and Wildlife Code Section 64.002 
provides provection for nongame birds by 
prohibiting killing, trapping, transportation, 
possession of parts, and the like. Destruction of 
oggs and nests of mongame birds is also prohib- 
ited. 


TRIBES 


Tribal beliefs and philosophies guide re- 
source on Tribal lands. Several 
Tribes consider owls a bad omen; however, Tribal 
belicts also dictate that all living creatures are 
essential parts of nature and, as such, they are 
Council of San Carlos Apache Tribe expressed 
the traditional view that owls and their homes 
should not be disturbed. 

Mexican spotted owl habitat or potential 
habitat exists on 10 Indian reservations in the 
Southwest. Eight of the Tribes have conducted 
spotted owl surveys, and five Tribes have located 
spotted owls on their lands. Two other Tribes 
have historical spotted owl records. 

Reservations were established for the benefit 
of the Tribes and their members. Tribal lands are 
held in “trust” by the Federal Government. They 
are not considered public lands or part of the 


other Tribal land resources. Many Tribes main- 
tain professionally staffed wildlife and natural 
resources Management programs to ensure 
prudent management and protection of tribal 
resources, including threatened and endangered 
species. 
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The FW’ is aware of spotted owl conserva- 
non cflorts on five Indian reservations: the 


Mescalero Apache Tribe 


Th: Mescalero Apache Tribe in New Mexico 
actively manages their forest while managing for 
all fede, ally listed of proposed threatened or 
endangered species that may exist on the reserva- 


The Mescalero has been working with the FW'S 


in development of a conservation strategy for the 
subspecies on reservation lands. 


White Mountain Apache Tribe 


The Tribe recently developed a conservation 
plan for Mexican spotted owls on the reserva- 


are considered “Category-1" DMAs. In these 
agement prescriptions; timber harvest is a 
secondary objective Category-1 DMAs range 
from about 2.430-4,050 ha (6,000-10,000 ac), 
and contain $7% of known spotted owl sites on 
the reservation. 
“Category-2" DMAs include areas support- 
ing 1-3 owl territories. Habitat outside the 
territories is managed only secondarily for 


spotted owls, with other resource objectives 
given priority. No timber harvest is allowed in 


30-ha (75 ac) patches around owl activity cen- 
ters. A seasonal restriction on potentially disturb- 
ing activities is provided in a 202-ha (500 ac) 
area, and timber prescriptions within this area 
The Tribe continues to survey their lands for 
spotted owls. If more owl sites are detected, 
Category-1 and Category-2 DMAs may be 
established upon approval by the Tribal Council. 








San Carlos Apache Tribe 


Sporesd owl surveys on the San Carlos 
Apache Reservation have been conducted ac- 
cording to the FS Region 3 Mexican Spotted 
Owl Inventory Protocol. Mexican sported owl 
throughout the reservation. A joint Tribal/ 
Bureau of Indian Affairs interdiscaplinary team 
evaluates effects of actions on spotted owls. Any 
potential impact on spotted owls or owl habitat 
is deferred until compliance with the Act and 
associated regulations is attained. 

Preliminary discussions between the San 
Carlos Apache ard the FWS have taken place 
regarding development of specific spotted owl 
management guidelines. Approximately 90% of 
tribally identified nesting, roosting, and foraging 
habitats are on lands inoperable for timber 
harvest and therefore are not in the commercial 
timber base. 


Jicarilla Apache Tribe 


The Jicarilla Apache Tribe has developed a 
Jicarilla Tribal Council and accepted by the 
FW. No resident owls have been detected to 
date on the reservation; however, in the event 
resident owls are detected, the Tribe has pro- 
posed to designate a 405-ha (1,000 ac) manage- 
ment will be allowed to continue in all but 40 ha 
(100 ac) of the territory. In the absence of 
confirmed resident owls, all mixed-conifer stands 
of 10 ha (25 ac) or greater are treated as roost- 
ing/ nesting sites, and timber harvest will not be 
allowed. A seasonal restriction around any active 
nest sites that are found is also proposed. 


Navajo Nation 


Mexican spotted owl management on the 
Navajo Nation, and particularly on the Navajo 
Nation Commercial Forest, currently adheres to 
FS Region 3s ID No. 2. The FS Region 3 
Mexican Spotted Owl Inventory Protocol is 
followed for all timber sales on the commercial 
forest and for any project or disturbance, on or 


\ chwmme 1/Part | 7 


Meanan Spoumed Che! Recomern Man 


off the commercial forest, that may impact 
spotted owts. The current Navajo spotted ow! 


conjunction with their 10-year plan for manag- 
ing commercial forest. Upon completion of the 
Nation may apply to the FWS for a section 
10f2)(1)(B) permit, which will allow limited 
incidental take to occur provided an adequate 
habitat conservation plan is implemented. 


MEXICO 


The Mexican spotted owl is listed as a 
threatened species under Mexico's Official 
Mexican Norm (NOM) (NOM-059-ECOL- 
1994). Threatened species are defined as those 
which could face danger of extinction if the 
conditions that cause deterioration of modifica- 
tion of their habitats, or decline of their popula- 

Species listed under NOM are afforded 
certain protections: 

1. Possession, use, or derivation of profit 
from live wildlife or plants, whether 
originating in captivity or in the wild, are 
Use and exploitation of the havitats of 
listed species are prohibited in some 
States. 


'- 


Some use of threatened species is allowed for 
specimens and their parts, products, and by- 
products can be removed frown their natural 
environment for scientific purposes under 
permits issued by legal authorities, with the 
understanding that specimens or their parts 
cannot be used for commercial purposes. In 
addition, specimens can be removed from the 
wild for the purpose of captive breeding upon 
approval of the Mexican government. 

Under NOM, recovery plans have been 
prepared for sea turtles and the monarch butter- 
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D. CONSIDERATIONS IN 
RECOVERY PLAN DEVELOPMENT 


This section describes various consider- 
ations, other than the basic biology of the 


Mexican spotted owl, that were integral in 


development of this Recovery Plan. 


RECOVERY UNITS 


The Mexican spotted owl is a widespread 
subspecies that occurs in a wide variety of 
habitats (see Part II). In addition, the threats 
faced by the subspecies, the management re- 
gimes employed by various agencies and in each 
country, and the protective mechanisms available 
in different portions of the subspecies’ range are 
variable. Finally, spotted owl densities, food 
habits, degree of isolation, and other aspects of 
the subspecies’ biology difter somewhat among 
portions of its range. For these reasons, the 
Recovery Team partitioned the Mexican spotted 
owl range into distinct recovery units. Six 
recovery units were designated in the United 
States: Colorado Plateau, Southern Rocky 
Mountains - Colorado, Southern Rocky Moun- 
tains - New Mexico, Upper Gila Mountains, 
Basin and Range - West, and Basin and Range - 
East (Figs. 1.B.1 and I1.B.3-11.B.8). Five recov- 
ery units were established in Mexico: Siczra 
Madre Occidental - Norte, Sierra Madre Occi- 
dental - Sur, Sierra Madre Oriental - Norte, 
Sierra Madre Oriental - Sur, and Eje 
Neovolcanico (Figs. 11.B.2). For a complete 
description of the recovery units and the bases 
for their designation see I1.B. 

Whereas some management recommenda- 
tions apply to the subspecies rangewide, delin- 
eating recovery units allowed specific recommen- 
dations to be prioritized appropriately within 
each portion of the subspecies’ range. In addi- 
tion, some criteria for delisting the subspecies 
apply at the recovery-unit level. This approach 
allows delisting of the Mexican spotted owl by 
recovery unit when certain rangewide population 
and habitat criteria are met and when regional 
management plans or other sufficient regulatory 
mechanisms are implemented. 
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THE CURRENT SITUATION 





In developing this Recovery Plan, the Recov- 
ery Team considered various aspects of the 
current spotted owl population, habitat, and 
threats. Two salient points emerged. First, the 
Recovery Team assumes that the current popula- 
tion size and distribution are adequate for 
providing a reference point for assessing future 
changes in the population, since no undisputable 
evidence is available indicating that the popula- 
tion is declining or is significantly below histori- 
cal levels. This is a critical assumption that must 
be tested through the population monitoring 
required by this Recovery Plan. If the monitor- 
ing data demonstrate that the population is 
stable or increasing, the assumption of adequate 
population size will be validated. Conversely, if 
monitoring data show a decreasing population, 
the situation will need to be reexamined and 
corrective measures must be developed. Thus, 
the population and habitat monitoring require- 
ments are essential parts of this Recovery Plan; if 
these monitoring efforts are not conducted, the 
management recommendations provided herein 
cannot stand alone. 

A second consideration involves variations in 
both spotted owl densities and threats faced 
throughout the subspecies range. Spotted owl 
densities are greatest in the center of the subspe- 
cies’ range and they decrease toward the range 
periphery. In addition, the main threats identi- 
fied during the listing process were forestry 
practices and wildfire risk, both of which vary 
across the subspecies range. Table 1.D.1. illus- 
trates the Recovery Teams appraisal. 

The Upper Gila Mountains, Basin and 
Range - West, and Basin and Range - East 
Recovery Units have significant owl populations 
with the potential of being seriously impacted by 
fire and/or forestry practices (Table 1.D.1). This 
conclusion does not imply that the other recov- 
ery units are not important, but leads to the 
recommendations that (1) recovery efforts 
concentrate on recovery units with the highest 
owl populations and where significant threats 
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Table [.D.1. Summary of relative Mexican spotted owl population size, umber harvest threat, and 
fire threat by U.S. Recovery Unit. 








Recovery Unit Population _ Fire Timber 
Colorado Plateau low moderate low 
Southern Rocky Mtns-CO low high low 
Southern Rocky Mtns-NM low high high 
Upper Gila Mountains high high high 


Basin and Range - West 
Basin and Range - East 


high 
high 


high low 
high high 





exist; (2) management within recovery units RECOVERY PLAN DURATION 
should emphasize alleviating the greatest threats; 
and (3) the management recommendations in 

Part II] should be tailored to the owl population 
and the threats existing in the specific area under 


analysis. 


The Recovery Team believes the risk of 


Any management plan must specify the time 
period over which the plan is to be imple- 
mented. The Recovery Team decided that a 10- 
year period is appropriate for the Mexican 


extirpation of Mcxican spotted owls under the 


near-term management recommendations is low. 


Spotted Owl Recovery Plan (assuming the 
delisting criteria specified in IIIA are met) for 
several reasons: 


This belief is based on two points: 
| 1. T llows \- 
1. Implementation of the management “ al ad —_. apa y ree 
dations within this Recovery tor the trends in population and habitat. 
recommen Mi The charge of the Recovery Team was 
Plan (see Part III) will protect occupied to develop a plan that would lead to 
habitat, protect other habitat that can siaeate sede selenietes. tos Aanalnniin 
presumably be occupied in the near he delisting criter; pec ed a TILA 6 
future, and allow for “replacement” rw Sonar ay ‘pect dl " " 
habitat to develop and be sustained on ue raat ss he stable arene 
the landscape. Habitat monitoring as Hee erees es Sane OF INETEASINB 
‘red b ve Recovery Pl ne id before the subspecies could be consid- 
barn naeeanethes Aalerinriats ered for delisting. The Recovery Team 
provide data on habitat trends through- nit 4 
Recovery Plan durat further determined that a monitoring 
OME INE CONE EY NaN Caan. period of 10 years would provide infor- 
2. The population will be monitored over mation about population trends that 
the life of the Recovery Plan, thus could be used with a reasonably high 
providing insight as to whether the level of confidence. The five-year moni- 
current “baseline” population is suffi- toring period the Act requires after . 
cient to maintain the subspecies over sorwdes delisted will turther increase 
time and testing the assumption that confidence in trend information. 
the “baseline” population is adequate. , | | 
The Recovery Team did not make the “. A 10-year period should be sufficient 


assumption that the “baseline” popula- 
tion is adequate lightly, but reasoned 
that the Mexican spotted owl is well 
distributed throughout its historical 
range, suggesting that no significant 
extirpations have occurred. 
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time to fill some of the major gaps in 
existing knowledge, and accommodate 
possible changes in future conditions. 
Many aspects of Mexican spotted owl 
biology remain unknown or poorly 
understood. Consequently, the effects of 











different resource-management practices 
on the fitness of individuals and on 
population persistence remain unclear. A 
better understanding of these relation- 
ships is needed before a viable long-term 
management plan can be developed. 
Implementing the Recovery Plan in- 
cludes conducting the research activities 
recommended in III.D; if these studies 
are started immediately, 10 years should 
be adequate to complete the majority of 
them. 


3. Uncertainty about the future could 
render this Recovery Plan inadequate, 
unacceptable, or otherwise obsolete. 
Future events and developments could 
have social, economic, environmental, 
and other ramifications that cannot be 
predicted. To try to plan beyond the next 
decade or so would require an unjustified 
confidence in our ability to predict the 


state of our society and the environment. 


4. Consistency with the requirements of the 
Act. The Act requires that the status of 
listed species be reviewed every five years. 
This Recovery Plan constitutes an in- 
depth status review of the Mexican 
spotted owl, so a formal status review 
should be conducted in years five and 10 
of Recovery Plan implementation. 
Unless new information or other devel- 
opments render this Recovery Plan 
obsolete in the interim, the 10-year 
point should mark the end of this 
Recovery Plan and implementation of a 
longer-term management strategy. 


Several reviewers of the draft version of this 
Recovery Plan pointed out that this relatively 
short Recovery Plan duration fails to take into 
account the long-term processes that have 
influenced and will continue to influence 
dynamic ecosystems. The Recovery Team be- 
lieves, however, that the management recom- 
mended for the next few years was developed 
with consideration of the long- and short-term 
effects of these near-term management recom- 
mendations. 
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Based on the foregoing points, the Recovery 
Team recommends a Recovery Plan duration of 
10 years unless data indicate that earlier revision 
is appropriate, or that the applicable recommen- 
dations be continued beyond that time. The 
monitoring and research to be conducted during 
the life of the Recovery Plan will resolve much 
uncertainty surrounding the Mexican spotted 
owl. The uncertainty about the future can never 
be resolved, but a better understanding of 
Mexican spotted owl natural history will en- 
hance our ability to create a long-term manage- 


ment plan. 


CONSERVATION PLANS 


FOR OTHER SPOTTED OWL 
SUBSPECIES 


Several conservation strategies have been 
developed for the other spotted owl subspecies. 
Perhaps the best known subspecies is the north- 
ern spotted owl of the Pacific Northwest and 
northwestern California. The northern subspe- 
cies was listed as threatened in June 1990, 
resulting in extensive conflict between conserva- 
tion of the subspecies and economic and social 
interests of the Pacific Northwest, particularly 
the timber industry. 

The first management strategy was initiated 
by the FS in the late 1970s. That approach, 
which continued within some portions of the 
subspecies range until 1990, was to manage 
individual spotted owl territories, called Spotted 
Owl Habitat Areas (SOHAs), or, earlier, Spotted 
Owl Management Areas. Each SOHA consisted 
of certain acreages that varied according to 
location. Those territories were established 
according to certain clustering and spacing 
guidelines, and the general prescription for the 
territories was to restrict timber harvest so that a 
minimum “suitable habitat” acreage standard was 
maintained in the territories. However, in certain 
circumstances some harvest was allowed, such as 
salvage harvest. 

In 1989, in response to increasing contro- 
versy over the spotted owl issue, the difficulty 
the issue was causing land-management agencies, 
and the proposed listing of the northern spotted 
owl as a threatened species, the Interagency 
Scientific Committee (ISC) was established. The 





ISC produced “A Conservation Strategy for the 
Northern Spotted Owl” (Thomas et al. 1990), 
which recommended significant changes in 
spotted owl management on public lands in the 
Pacific Northwest. Briefly, the ISC delineated 
large blocks of owl habitat, called Habitat 
Conservation Areas (HCAs). The goal was to 
delineate, where possible, HCAs known to 
support or with the potential to support at least 
20 spotted owl pairs. However, where 20-pair 
HCAs were not possible, HCAs of | to 19 pairs 
were delineated. The HCAs were spaced certain 
distances from one another, depending on their 
sizes. The HCAs were to be managed so that no 
habitat degradation occurred within them, 
protecting existing habitat and allowing previ- 
ously disturbed areas to return to a suitable 
condition. The ISC envisioned eventual HCAs 
where owl pairs could freely interact without 
significant disruption of habitat continuity 
between territories. 

In addition, the ISC recommended manag- 
ing the areas between HCAs, termed the “forest 
matrix, according to the “50-11-40 rule.” This 
rule prescribed that at least 50% of the forested 
area within each quarter-township was to con- 
tain trees averaging a minimum of 28 cm (11 in) 
in diameter and with at least 40% crown closure. 
The idea was that these conditions would allow 
movement of owls between HCAs, thereby 
allowing genetic flow and demographic rescue of 
subpopulations. The ISC also recommended 
retention of 28-ha (70-acre) areas within the 
forest matrix to possibly provide future nesting/ 
roosting sites. 

In 1991, the Secretary of the Interior ap- 
pointed the Northern Spotted Ow! Recovery 
Team and charged it with developing a recovery 
plan for that subspecies. That recovery plan was 
closely modeled after the ISC plan. The HCA 
network was modified based on updated infor- 
mation, resulting in a network of Designated 
Conservation Areas (DCAs). Timber harvest in 
DCAs was generally not allowed in suitable 
habitat. Silvicultural treatments designed to 
encourage spotted owl habitat were limited to no 
more than 5% of a DCA in the first five years of 
plan implementation. Management recommen- 
dations for areas outside DCAs deviated from 
the ISC approach by providing greater justifica- 
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tion for specific recommendations and consider- 
ation of economic efficiency of implementation. 

The Northern Spotted Owl Recovery Plan 
was never implemented. Instead, the most recent 
management strategy for the northern spotted 
owl resulted from analyses and recommendations 
formulated by the Forest Ecosystem Manage- 
ment Assessment Team (FEMAT). The FEMAT 
was appointed by President Clinton to develop 
alternative plans for management of late-succes- 
sional ecosystem components including, but not 
specific to, the northern spotted owl. Only 
Federal land management was addressed in the 
FEMAT alternatives. 

The President selected “Option 9” developed 
by the FEMAT, which calls for a series of Late 
Successional Reserves (LSRs) corresponding 
roughly to the HCAs under the ISC plan. 
Outside the LSRs, the forest matrix includes 
Riparian Reserves (various sized buffers along 
class 1-3 streams); green-tree retention require- 
ments (where 15% of each watershed is managed 
for late successional forest and at least 15% of 
each harvest unit is retained in the latest succes- 
sional forest available); and preservation of 40 ha 
(100 ac) around all owl sites known as of 1 
January 1994. The goal of this matrix prescrip- 
tion is to accommodate dispersing and “floater” 
owls, as well as other species dependent on old 
and mature forest conditions. 

The FEMAT plan also establishes Adaptive 

‘anagement Areas (AMAs) in California, 
Oregon, and Washington. These AMAs vary 
from less than 40,500 ha (100,000 ac) to nearly 
200,000 ha (500,000 ac). The management 
objectives for each AMA also vary, but they are 
generally established to develop and test tech- 
niques for active forest management that provide 
a wide range of resource values including forest 
products, late-successional forest habitat, and 
high-quality recreation. 

The range of the California spotted owl 
abuts the range of the northern subspecies in 
northeastern California, ranging south through 
the Sierra Nevada, west through the “transverse 
ranges’ of Southern California, then north along 
the Coast Range to Monterey County. The 
California spotted owl was first managed by the 
FS using the SOHA system described for the 
northern subspecies. The portion of the subspe- 











cies range in Southern California is still man- 
aged under that system while its effectiveness is 
assessed. However, the current management 
regime in the Sierra Nevada is described in the 
“Assessment of the Current Status of the Califor- 
nia Spotted Owl, with Recommendations for 
Management” (Caspow Plan) (Verner et al. 
1992b). The FS implemented the Caspow Plan 
on a temporary basis through an environmental 
assessment under the National Environmental 
Policy Act (NEPA) on 1 March 1993. The FS 
has since released a draft environmental impact 
statement under the NEPA that analyzes several 
alternatives for California spotted owl manage- 
ment, one of which is the Caspow Plan. 

In the Sierra Nevada, the Caspow Plan 


recommends management emphasizing adequate 
amounts and distribution of suitable owl habitat 


through improved habitat and resource manage- 
ment practices rather than through protection of 
large blocks of habitat. The strategy seeks to 
protect known owl nest or roost sites, retain the 
larger and older components of forest structure, 
and address the problems of fire suppression and 
fuel loading. Additional objectives include 
rapidly recovering nesting and roosting habitat 
following disturbance, maintaining existing 
canopy layers, promoting tree growth by thin- 
ning in middle and lower canopy layers, and 
reducing vertical fuel ladders. Habitat available 
for timber management is classified by structural 
condition and utility for various life history 
requirements, and the resultant habitat classes 
are managed with restrictions on structural 
modifications. Long-term management propos- 
als also focus on spotted owl nesting and roost- 
ing habitat as the target conditions for silvicul- 
tural activities. 

To formulate the management strategy 
contained in this Recovery Plan, the Recovery 
Team examined the extensive efforts to protect 
the California and northern spotted owl subspe- 
cies. These efforts have, so far, experienced 
varying degrees of success and controversy. 
Moreover, the three subspecies exhibit difter- 
ences in habitat use, habitat distribution, and 
threats. The Mexican Spotted Ow! Recovery 
Plan combines, in the Recovery Team's opinion, 
the applicable recommendations from other 
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planning efforts with those uniquely applicable 
to the Mexican subspecies. 


ECOSYSTEM MANAGEMENT 


The development of ecosystem management 
in the history of conservation plans for the 
northern spotted owl was described by Meslow 
(1993). Results of population and habitat 
research were incorporated into landscape 
designs involving reserves (HCAs) and _intersti- 
tial matrices, both of which are basic attributes 


of landscape ecology (Diaz and Apostoi 1993). 
Further considerations of the ecosystem manage- 


ment approach were extended to sympatric 
Federal- and State-listed species. It was clear that 
single-species management for the northern 
spotted owl would have numerous impacts on 
the many eligible but yet to be listed species 
(USDI 1992; Block et al. 1995). Thomas et al. 
(1993) described the relationship between the 
ISC plan for the northern spotted owl and the 
likelihood of viability for a suite of other species 
closely associated with late-successional forest. 
Verner et al. (1992) described numerous links 
between the California spotted owl and associ- 
ated ecosystem components that it uses and 
requires to survive. Assessments of other species, 
such as northern goshawks (Reynolds et al. 
1992) have also underscored the need to manage 
large landscapes to provide adequate prey and 
the diversity of habitats needed by those species. 
Despite growing academic and professional 
awareness of the need to manage entire ecosys- 
tems, the Recovery Team is charged with devel- 
opment of a recovery plan for a single species. 
However, as the FWS and other land-manage- 
ment agencies move toward managing entire 
ecosystems, they are recognizing that single- 
species management will never protect all of the 
organisms that comprise the ecosystems upon 
which target species depend. Furthermore, a 
management plan for one species may conflict 
with a management plan for a sympatric species 
in absence of careful integration of the two 
plans. Block and Brennan (1993) noted that the 
management recommendations of the ISC for 
the northern spotted owl were firmly based in 
habitat management. In addition to habitat, 
however, both ecosystem-oriented and popula- 











tion-level considerations must be wed in conser- 
vation planning (Gutiérrez 1994). 

The recovery team considered the ‘nterac- 
tion of populations, habitats, and ecosystems in 
the development of this Recovery Plan. The 
Recovery Team recognizes that numerous habi- 
tats exist within the range of the Mexican spot- 
ted owl and that not all of those habitats are 
important to the subspecies. The Recovery Team 
concentrated its management recommendations 
on habitats known to be important to the owl 
(see Parts I] and III), while allowing other 
ecosystem management objectives, such as 
conservation of other species, to drive manage- 
ment of habitats where spotted owls are a sec- 
ondary concern. 

The Recovery Team believes that it is impor- 
tant to evaluate the effects of implementing 
Recovery Plan management recommendations 
on other endangered, threatened, sensitive, 
candidate, or other species of concern. In addi- 
tion, it is important that the recommendations 
for Mexican spotted owl management be com- 
pared with the recommendations in other 
species recovery or management plans. If con- 
flicts are identified, they need to be resolved by 
appropriate land managers and/or scientists. 

An important objective in management of 
forested ecosystems should be to address forest 
health problems, return forested ecosystems to 
conditions within their natural range of varia- 
tion, and work toward sustainable and resilient 
ecosystems. The goals of this Recovery Plan and 
ecosystem management principles are compat- 
ible. Proper ecosystem management will provide 
for landscapes in which spotted owls and other 
ecosystem components persist within the range 
of their evolutionary adaptations. The metric 
used to measure progress should be the amount 
of acreage successfully treated to meet a desired 
result, and not commodity-based measures such 
as “board feet” or “animal unit months.” Com- 
modities will undoubtedly be a byproduct of 
forested ecosystem management, but should not 
be the driving consideration. 


ECONOMIC CONSIDERATIONS 


Protectine threatened and endangered 
species can conflict with other resource objec- 
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tives. These conflicts can become more intense 
when species conservation efforts restrict eco- 
nomic returns from lands people depend upon 
for their livelihoods and communities depend 
upon for their very existence. Whether conflicts 
between species conservation and economic 
return are real or perceived, human concerns 
should be considered so long as the conservation 
goal is achieved. 

As mentioned previously, the Recovery 
Team's charge was to develop a plan that would 
lead to recovery of the Mexican spotted owl. 
However, specific cause-effect relationships of 
many management activities on individual owls 
and pairs or in relation to population processes 
are not entirely clear. Given these uncertainties, 
it may be tempting to take a conservative ap- 
proach to recovery by recommending cessation 
of all anthropogenic activities for which effects 
of the activity on the target species are poorly 
understood. However, recommendations for 
resource management should be based on 
established information. The absence of needed 
information should stimulate research, and the 
results of that research should guide manage- 
ment. The only way to understand the cause- 
and-effect relationships between management 
actions and specific resources is by studying 
them, preferably through controlled experi- 
ments. 

The recommendations contained herein 
allow most land-management activities to occur 
provided that the effects of those activities are 
evaluated during the recovery period. In addi- 
tion, the Recovery Plan recommends that 
scientific monitoring of the Mexican spotted owl 
population and its habitat should accompany 
those activities to assess their impact on spotted 
owl populations. If warranted, these activities 
can be altered or eliminated if monitoring or 
research indicates a significant risk to the spotted 
owl population. In other cases, restrictions on 
human activities are recommended where data 
show a high likelihood that the spotted owl's 
persistence may be significantly compromised if 
certain land-management practices continue. 

Obviously, the decision on which activities 
must be altered or climinated and which may 
proceed if closely monitored cannot be made 
with absolute certainty. Such decisions require 











professional judgement of the most qualified 
scientists using the best available data. The FWS 
selected the Recovery Team members with that 
fact in mind. However, the FWS also intends to 
use the expertise of others who may contribute 
usefui information to improve management of 
the Mexican spotted owl. 

Any conservation plan, regardless of species, 
must include the considerations discussed above 
when uncertainties exist. The FWS is confident 
that this Recovery Plan, given its inherent 
flexibility, has a high likelihood of leading to the 
recovery of the Mexican spotted owl without 
causing unacceptable levels of economic and 
social hardship during its implementation. 


HUMAN INTERVENTION 
AND NATURAL PROCESSES 


Much criticism directed at Mexican spotted 
owl management centers on the concept that 
today’s southwestern forests are in an unnatural 
state; that grazing, fire suppression, forestry 
practices, and other anthropogenic processes 
have led to forest conditions much denser than 
those existing during presettlement times. A 
concurrent increase in mixed-conifer forests is 
also believed to have occurred. These points 
lead some to the conclusion that the Mexican 
spotted owl population is at an all-time (and 
unsustainable) high. The Recovery Team is 
unaware of data that clearly support that conclu- 
sion, and questions whether stands recently 
converted to mixed-conifer forest possess the 
structural characteristics utilized by the subspe- 
cies. The Recovery Team acknowledges that 
humans have had a pronounced influence on 
contemporary forest conditions; however, the 
effects of human activities on the Mexican 
spotted ow! population are unknown. Even if 
one accepts that the spotted owl population in 
mixed-conifer forest is unnaturally high, one 
must also consider that other habitats that may 
hove been important historically, such as lower- 
and middle-clevation riparian areas, have been 
dramatically reduced. These two trends may be 
offsetting, and the net gain or loss of spotted ow! 
carrying capacity can only be speculated upon. 
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It would be imprudent, if not impossible, to 
develop a management plan for a species by 
speculating on its status in the distant past; 
rather, the appropriate approach is to acknowl- 
edge that we are dealing with a drastically altered 
landscape and that a return to presettlement 
conditions is impossible. In that light, the 
Recovery Team acknowledges that humans have 
a major role to play in management of the 
spotted owl and the forests of the Southwest. 
The Recovery Team believes that a viable forest- 
procucts industry is critical in carrying out the 
management actions recommended in this 
Recovery Plan, making it an essential agent of 


plan implementation. 


DIFFERENCES BETWEEN 
THE DRAFT AND FINAL 
RECOVERY PLANS 


The Recovery Team considered all com- 
ments received on the draft Mexican Spotted 
Owl Recovery Plan. In addition, the draft 
Recovery Plan underwent extensive peer review 
from both purposely selected reviewers and 
“blind” reviewers selected by certain scientific 
societies (see Appendix E). These reviews led to a 
final Recovery Plan that differs substantially 
from the draft version. We do not attempt to 
detail every difference between the two versions 
of the Recovery Plan, but discuss these differ- 
ences in general terms. 

Part I! of the draft Recovery Plan contained 
a great deal of technical information. In the 
interest of making the Recovery Plan an easier 
document to use, several of those chapters were 
placed in a companion volume to this Recovery 
Plan. The information contained in those 
chapters was integral to Recovery Plan develop- 
ment, so the main points in cach are summa- 
rized in Part II of this final Recovery Plan. 

Part Il has changed substantially from the 
draft version. Much of the background and 
justification discussion has been moved to Part 
Il, so that the current Part III deals strictly with 
the management recommendations and delisting 
criteria. This allows land managers to more casily 
pull the specific recommendations out of the 
Part II text. In addition, the management 





recommendations have changed considerably, in 
that they are now in a more descriptive, rather 
than prescriptive, context. The changes were in 
response to comments from numerous land 
managers who expressed their concern that many 
of the tools available to achieve land-manage- 
ment objectives were overly constrained. The 
Recovery Team recognizes that the best approach 
is to describe the desired conditions on the 
landscape, while providing land-management 


professionals the flexibility to choose the tools to 
achieve the stated objectives 





vw ' 


The most significant change in Part IV is 
that the responsibility for implementing some of 
the tasks recommended in this Recovery Plan 
has been distributed among different entities. In 
addition, the estimated costs of implementing 
specific recovery tasks is prov ided 
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A. GENERAL BIOLOGY 
AND ECOLOGICAL RELATIONSHIPS OF 


THE MEXICAN SPOTTED OWL 
Sarah E. Rinkevich, Joseph L. Ganey, James P. Ward Jr., 
Gary C. White, Dean L. ''rban, Alan B. Franklin, 
William M. Block, and Fernando Clemente 


This section presents a summary of 
Volume 2, which examines aspects of the biology 
and ecological relationships of Mexican spotted 
owls in more detail. This is not an exhaustive 
treatment of the owl's biology and ecology, but is 
intended to provide an overview of biological 
elements germaac to recovering the Mexican 
spotted owl. Although gaps still exist, our 
understanding of the Mexican spotted owl's 
natural history has increased with recent research 
as well as data analyses accomplished by the 
Recovery Team. 

A wealth of information exists for the north- 
ern and California spotted owls (Thomas et al. 
1990, Bart et al. 1992, Verner et al. 1992a, 
Gutiérrez et al., 1975. Although different in 
some respects, many aspects of the owls’ biology 
and ecology are similar among the three subspe- 
cies. Thus, where appropriate, information from 
these subspecies was used for comparison or 
where data were limited regarding the Mexican 
spotted owl. 


TAXONOMY 


Three species within the genus Strix occur 
north of Mexico: spotted (S. occidentalis), barred 
(S. varia), and great gray owls (S. nebulosa). 
Mexican spotted, barred, and fulvous owls (5. 
fulvescens) occut in Mexico. The Mexican spot- 
ted owl (S. 0. lucida) is one of three subspecies of 
spotted owl recognized by the American Orni- 
thologists Union (AOU) in its last checklist that 
included subspecies (AOU 1957:285). The other 
two subspecies are the northern (S. 0. caurina) 
and the California spotted owl (S. 0. occidentalis) 
(AOU 1957; Figure.11A.1). 

The Mexican subspecies was first described 
from a specimen collected at Mount lancitaro, 
Michoacan, Mexico and named Sprninm 
occidentale lucidum (Nelson 1903). The spotted 
owl was later (ssigned to the genus Srrex 
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(Ridgway 1914) and the subspecific name was 
changed to lucida to conform to taxonomic 


standards. Monson and Phillips (1981) regarded 
the Mexican spotted owl in Arizona as S. @. 
huachucae, noring that they were paler than S. o. 
lucida. However, this taxonomic designation was 
not followed by the AOU (1957). 

isolated from both the California and northern 
subspecies. Using electrophoresis to examine 
allozyme variation, Barrowclough and Gutiérrez 
(1990) found a major allelic difference between 
the Mexican spotted owl and the two coastal 
subspecies. This difference suggests that the 
Mexican spotted owl has been isolated geneti- 
cally from the other subspecies for considerable 
time, has followed a separate evolutionary 
history, and could therefore be considered a 
separate species (Barrowclough and Gutiérrez 
1990:742). 

Northern spotted ov ls are known to hybrid- 
ize with barred owls. Hybrids have been found 
in Washington and Oregon (Hamer et al. 1992), 
and in California (Alan Franklin, Humboldt 
State Univ., Arcata, CA, pers. comm.). The 
hybrids can be identified by their plumage, 
vocalizations, and morphology (Hamer et al. 
1992). Closely related species occasionally 
hybridize naturally, especially where habitat 
disruption has led to contact between species 
previously isolated geographically (Short 1965, 
1972). Hybridization has not been reported in 
the Mexican subspecies. The possibility of 
hybridization exists in Mexico where barred 
owls, fulvous owls, and spotted owls overlap in 
distribution. No evidence currently exists docu- 
menting actual sympatry among these species, 
however. 








Figure IL.A.1. Geographic range of the sported owl 
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DESCRIPTION 


The spotted owl is mottled in appearance 
with irregular white and brown spots on its 
abdomen, back, and head. The spots of the 
Mexican spotted owl are langer and more numer- 
ous than in the other two subspecies, giving it a 
lighter appearance. Strix occidentalis translates as 
“owl of the west” and lucida means “light” or 
“bright.” Unlike most owls, spotted owls have 
dark eyes. Several thin white bands mark an 
otherwise brown tail. 

Adult male and female spotted owls are 
mostly monochromatic in plumage characteris- 
tics, but the sexes can be readily distinguished by 
voice (see below). Juveniles, subadults, and 


adults can be distinguished by plumage charac- 
teristics (Forsman 1981, Moen et al. 1991). 
Juvenile spotted owls (hatchling to approxi- 
caately five months) have a downy appearance. 
Subadults (5 to 26 months) closely resemble 
adults, but have pointed retrices with a pure 
white terminal band (Forsman 1981, Moen et al. 
1991). The retrices of adults (>27 months) have 
rounded tips, and the terminal band is mottled 
browr, and white. 

Although the spotted owl is often referred to 
as a medium-sized owl, it ranks among the 
largest owls in North America. Of the 19 species 
of owls that occur in North America, only 4 ave 
larger than the spotted owl (Johnsgard 1988). 
Like many other owls, spotted owls exhibit 
reversed sexual dimorphism (\c., females are 
larger than males). Adult male Mexican spotted 
owls (nm = 37) average $19 + 32.6 (SD) g 
(18.5 02), and adule females (m = 31) average 579 
+ 31.2 g (20.7 o7) (Kristan et al., in prep.). 
There appears to be clinal variation among the 
three subspecies in a number of morphological 
characteristics measured, with size decreasing 
from north to south (Kristan et al., in prep.). 


DISTRIBUTION 
AND ABUNDANCE 


The Recovery Team gathered and examined 
of Mexican spotted owls through 1993. Data 
from surveys conducted after 1995 were not 
available for our analyses. 
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We used the information collected to (1) 
document historical and current range of this 
subspecies, (2) help formulate Recovery Unit 
houndaries, and (3) provide a template for 
analyses at the landscape scale. Descriptions of 
Recovery Units are provided in the following 
chapter (11.B). 

a broad geographic area, but does not occur 
uniformly throughout its range (Figure I1.A.2). 
Instead, the owl occurs in disjunct localines that 
correspond to isolated mountain systems and 
canyons. In the United States, 91% of the owls 
known to exist berween 1990 and 1993 occur on 
lands administered by the FS (Table I1.A.1). 
Other lands currently occupied by Mexican 
spotted owls in the United States include, NPS 
(4%), BLal (2%), Tribal (2%), and DOD (1%). 
We know that more owls occur on Tribal lands 
nurdbers of owls known on Tribal lands was not 
made available to the Team. Owl distribution 
according to land ownership is unavailable for 
to exist between 1990 and 1993 in Mero were 
in the States of Sonora and Chihuahua (Table 
I1L.A.1, Figure 11.4.3). However, most survey 
eftorts in Mexico were restricted to these states, 
and these numbers do not necessarily reflect 
tual trends in distribution. 

The current owl distribution mimics its 
historical extent, with a few exceptions. The owl 
riparian corridors in Arizona and New Mexico, 
nor in historically documented areas of southern 
occupied localities in the southwestern United 
States and southern Mexico have undergone 
significant habitat alteration since the historical 
sightings (USDI 1993). However, the amount of 
effort devoted to surveying these areas is wn- 
known and future surveys may document 
spotted owls there. Surveys conducted to relocate 
spotted owls in noxunern Colorado near Fort 
Collins and Boulder, where records exist from 
the carly 1970s and 1980s, have been unsuccess- 
ful. Surveys conducted in the Book Cliffs of east- 
central Utah, where ow's were recorded in 1958, 
have also been unsuccessful. Although historical 
(pre- 1990) data provide some information about 
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Figure 1L.A.2. Current distribution of Mexican spotted owls in the United States based on planned 
surveys and incidental observations recorded from 1990 through 1993 
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Table I1.A.1. Historical records and minimum numbers of Mexican spotted owls found during 


planned surveys and incidental observations, reported by Recovery Unit and land ownership. Recovery 


Units are described in Part I1.B. 








Number of ' Number of 
owl records owl sites 
Recovery Unit before 1990 1990-1993 
UNITED STATES 
Colorado Plateau 
FS 21 16 
BLM 6 10 
NPS 4 23 
Tribal 20 13 
New Mexico State | 0 
Unknown ° _ 5 _ 9 
Subtotal 87 62 
Southern Rocky Mountains — Colorado 
FS 2 8 
BLM LL 6 
NPS iL 0 
Tribal | --* 
Unknown ° VY _ 0 
Subtotal 20 14 
Southern Rocky Mountains — New Mexico 
FS 25 34 
NPS 3 0 
New Mexico State | 0 
Private 4 0 
Unknown - _§8 0 
Subtotal 41 44 
Upper Gila Mountains 
FS 138 424 
BLM 5 0 
NPS 5 0 
Tribal 0) oo? 
Private | 0 
Unknown ° 104 _ ov 
Subtotal 253 424 
Basin and Range — West 
FS 82 97 
NPS 13 0) 
Tribal () - 
DOLD 7) 6 
Private ‘ 0 
Unknown ° 3/ _0 
Subtotal 169 103 
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Table I1.A.1. continued 
Number of ' Number of 
owl records owl sites 
Recovery Unit before 1990 1990-1993 
Basin and Range — East 
FS 18 11] 
BLM ] 0 
NPS 6 10 
Tribal 2 -- 
WS ] 0 
Private _2 _0 
Subtotal 30 121 
United States Total 600 758 
MEXICO 
Sierra Madre Occidental -— Norte 
Sonora 8 9 
Chihuahua _i0 _ 8° 
Subtotal 18 17 
Sierra Madre Oriental — Norte 
Coahuila 2 0 
Stier a Madre Occidental - Sur 
Sinaloa | 0) 
Durango 2 0 
Aguacalientes 0 1° 
Zacatecas 0 0 
San Luis Potosi | 0 
(,uanayuato _ ij _g 
Subtotal 5 1 
Sierra Madre Oriental — Sur 
Coahuila 4 0 
Nuevo Leon 4 ] 
Tamaulipas og _ 
Subtotal 8 l 
Eye Neovolcanico 
Jalisco | 0 
Colima ] 0 
Michoacan | 0) 
Puebla 2 0 
Subtotal 2 0 
Mexico Total 35 19 





I hese values do not necessarily indicate numbers of owls or owl sites because multiple records may exist from the 
same site through time 

Additional owls are known to exist on many Iribal lands, but the exact number is unavailable 

Locations of these records were insufficient for assigning a land ownership 

Additional sightings have been reported from 1994 surveys 

{ rive ritied record rent im luded mn totals (see Text) 
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Figure 11.A.3. Current distribution of Mexican spotted owls in Mexico based on planned surveys 


and incidental observations recorded trom 1990 through 1993 
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about past distribution of spotted owls, we stress 
that it is not sufficient to allow us to estimate 
changes in the number or distribution of owls 
trom historical to present time. 

Most current observations of Mexican 
spotted owls are from the Upper Gila Mountains 
RU (see I1.B). This unit can be considered a 
critical nucleus tor the subspecies because of its 
central location within the owl's range and its 
seemingly high number of owls. Other areas 
likely to be important population centers in- 
clude the sky islands of southeastern Arizona and 
the Sacramento Mountains of central New 
Mexico (Basin and Range RUs; see 11.B). Al- 
though information on owl numbers permits a 
view of the current distribution, it is not com- 
plete enough to provide a reliable estimate of 
total population size. 

Mexican spotted owls occur at higher densi- 
ties in mixed-conifer forests than in pine-oak, 
pine, and pinyon-juniper forest types (Skaggs 
and Raitt 1988, White et al. 1995). A combined 
estimate of Mexican spotted owl density on two 
study areas in the Upper Gila Mountains RU is 
similar to estimates reported for other spotted 
owl subspecies. 

In summary, the Mexican spotted owl is 
distributed discontinuously throughout its 
range, with its distribution largely restricted to 
montane forests and canyons. Although future 
efforts will undoubtedly discover additional 
owls, their documented spatial distribution in 
the United States is not likely to change greatly. 
The converse is true for Mexico, where planned 


surveys have begun only recently. 


HABITAT ASSOCIATIONS 


Mexican spotted owls nest, roost, forage, and 
disperse in a diverse array of biotic communities. 
Mixed-conifer forests are commonly used 
throughout most of the range (Johnson and 
Johnson 1985, Skaggs and Raitt 1988, Ganey et 
al. 1988, Ganey and Balda 1989a, Rinkevich 
1991, Willey 1993, Fletcher and Hollis 1994, 
Seamans and Gutiérrez, in press). In general, 
these forests are dominated by Douglas-fir and/ 
ot white fir, with codominant species including 
southwestern white pine, limber pine, and 
ponderosa pine (Brown et al. 1980). The under- 
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story often contains the above coniferous species 
as well as broadleaved species such as Gambel 
oak, maples, boxelder, and New Mexico locust. 
In southern Arizona and Mexico, Madrean pine- 
oak forests are also used commonly (Ganey and 
Balda 1989a, Duncan and Taiz 1992, Ganey et 
al. 1992, Tarango et al. 1994). These forests are 
typically dominated by an overstory of Chihua- 
hua and Apache pines in conjunction with 
species such as Douglas-fir, ponderosa pine, and 
Arizona cypress. Evergreen oaks are typically 
prominent in the understory (Brown ct al. 
1980). 

Habitat-use patterns vary throughout the 
range and with respect to owl activity (see 
below). In the northern portion of the range, 
including sow <hern Utah, southern Colorado, 
and far northern Arizona and New Mexico, owls 
occur primarily in steep-walled, rocky canyons 
(Kertell 1977. Reynolds 1990, Rinkevich 1991, 
Willey 1993). Along the Mogollon Rim in 
Arizona and New Mexico, habitat use is less 
restricted, and spotted owls occur in mixed- 
conifer forests, ponderosa pine-Gambel oak 
forests, rocky canyons, and associated riparian 
forests (Ganey and Balda 1989a, Ganey ct al. 
1992, Fletcher and Hollis 1994, Seamans and 
Gutiérrez, in press, Peter Stacey, Univ. of 
Nevada, Reno, pers. comm.). South of the 
Mogollon Rim and into Mexico a still wider 
variety of habitat types are used, including 
mixed-conifer, Madrean pine-oak, and Arizona 
cypress forests, encinal oak woodlands, and 
associated riparian forests (Ganey and Balda 
1989a, Duncan and Taiz 1992, Ganey et al. 
1992, Tarango et al. 1994). Much of this re- 
gional variation in habitat use likely results from 
differences in regional patterns of habitat and 
prey availability. 


Nesting and Roosting Habitat 


Mexican spotted owls nest and roost prima- 
rily in closed-canopy forests or rocky canyons. In 
the northern portion of the range (southern 
Utah and Colorado), most nests are in caves or 
on cliff ledges in steep-walled canyons. Else- 
where, the majority of nests appear to be in trees 
(Fletcher and Hollis 1994). 








Forests used for roosting and nesting often 
contain mature or old-growth stands with 
complex structure (Skaggs and Raitt 1988, 
Ganey and Balda 1989a, 1994; McDonald et al. 
1991, Seamans and Gutiérrez, in press). These 
forests are typically uneven-aged, multistoried, 
and have high canopy closure. Nest trees are 
typically large in size (SWCA 1992, Fletcher and 
Hollis 1994, Seamans and Gutiérrez, in press), 
whereas owls roost in both large and small trees 
(Ganey 1988, Rinkevich 1991, Willey 1993, 
Zwank et al. 1994, Peter Stacey, Univ. of 
Nevada, Reno, pers. comm.). Tree species used 
for nesting vary somewhat among areas and 
habitat types, but available evidence suggests that 
Douglas-fir is the most common species of nest 
tree (SWCA 1992, Fletcher and Hollis 1994, 
Seamans and Gutiérrez, in press). A wider variety 
of trees are used for roosting, but again Douglas- 
fir is the most commonly used species (Ganey 
1988, Fletcher and Hollis 1994, Zwank et al. 
1994, Peter Stacey, Univ. of Nevada, Reno, pers. 
comm.). 

Several hypotheses have been proposed to 
explain why spotted owls nest in closed-canopy 
forests (reviewed by Carey 1985, Gutiérrez 
1985). Barrows (1981) suggested that spotted 
owls are relatively intolerant of high tempera- 
tures and roost and nest in shady forests because 
they provide favorable microclimatic conditions. 
Ganey et al. (1993) observed that Mexican 
spotted owls produced more metabolic heat than 
great horned owls, and were less able to dissipate 
that heat. This may lead these owls to seck out 
cool microsites during periods of high ambient 
temperature. Mexican spotted owls typically nest 
and roost in closed-canopy forests or deep shady 
canyons; both situations provide cool microsites 
(Kertell 1977, Ganey et al. 1988, Rinkevich 
1991, Ganey and Balda 1989a, Willey 1993). 


Foraging Habitat 


Little is known about patterns of habitat use 
by foraging owls. The only available data de- 
scribe habitat use by eight owls occupying five 
home ranges on three study areas in northern 
Arizona (Ganey and Balda 1994). In general, 
owls foraged more than or as expected in 
unlogged forests, and less than or as expected in 
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selectively logged forests. Expected values were 
based on relative occurrences of habitats. How- 
ever, patterns of habitat use varied among study 
areas and individuals, and even between pair 
members in some cases, making generalizations 
difficult. Both high-use roosting and high-use 
foraging sites had more big logs, higher canopy 
closure, and greater densities and basal areas of 
both trees and snags than random sites. Owls 
clearly used a wider variety of forest conditions 
for foraging than they used for roosting (Gancy 
and Balda 1994). We caution, however, about 
extending these results too far given the limited 
number of owls sampled, and the variability 
observed among owls and sites. 


TERRITORIALITY 
AND HOME RANGE 


Home range is defined as the area used by an 
animal during its normal activities (Burt 1943) 
whereas territory is a defended area within an 
individual's home range (Nice 1941). Territories 
are typically smaller than home ranges, but the 
exact relationship between the territory and the 
home range is generally not known. Fidelity to 
territories ts apparently high in Mexican spotted 
owls, with most owls remaining on the same 
territory year after year. 

Home-range size of Mexican spotted owls, 
as estimated by monitoring movements of 
radiotagged owls, appears to vary considerably 
among habitats and/or geographic areas (Ganey 
and Dick 1995). Differences in sampling meth- 
ods among studies make comparisons difficult, 
however. Minimum convex polygon home 
range estimates of home range-size varied 
from (1) 924 - 1,487 ha (2,282 - 3,672 acres) 
for individuals (” = 11) on three study areas in 
Colorado Plateau RU (Willey 1993); (2) 261 - 
1,053 ha (645 - 2,601 acres) for individuals 
(m = 25) and 381 - 1,551 ha (941 - 3,831 acres) 
for pairs ( = 10) on five study areas in the 
Upper Gila Mountains RU (Ganey and Balda 
1989b, Ganey and Block, unpublished data, 
Peter Stacey, Univ. of Nevada, Reno, pers. 
comm.); and (3) 452 - 937 ha (1,116 - 2,314 
acres) for individuals (#7 = 20) and 573 - 1,401 
ha (1,415 - 3,461 acres) for pairs (n = 8) on two 
study areas in the Basin and Range-East RU 





(Zwank et al. 1994, Ganev and Block, unpub- 
lished data). 


VOCALIZATIONS 


The spotted owl, being primarily nocturnal, 
is more often heard than seen. It has a wide 
repertoire of calls (Forsman et al. 1984, Ganey 
1990) that are relatively low-pitched and com- 
posed of pure tones (Fitton 1991). Sexes can be 
distinguished by calls; males have a deeper voice 
than females and generally call more frequently. 
The most common vocalization, used more 
often by males, is a series of four unevenly- 
spaced hoots. Females frequently use a clear 
whistle ending with an upward inflection as well 
as a series of sharp barks. Forsman et al. (1984) 
described 14 calls for the northern spotted owl, 
of which 10 were reported by Ganey (1990) for 
Arizona birds. 

Mexican spotted owls call mainly from 
March - November and are relatively silent from 
December - February (Ganey 1990). Calling 
activity increases from March through May 
(although nesting females are largely silent 
during April and early May), and then declines 
from June through November (Ganey 1990). 
On a daily basis, calling activity is greatest 
during the 2-hour period following sunset, with 
smaller peaks 4-8 hours after sunset and just 
before sunrise. Owls called more than expected 
during the last quarter and new moon phases of 
the lunar cycle; and they called most frequently 
on calm, clear nights when no precipitation was 
falling (Ganey 1990). 


INTERSPECIFIC COMPETITION 


Several other species of owls occur within the 
range of the Mexican spotted owl. Interference 
competition, where individuals physically 
interfere with each other, probably does not 
occur to any great extent between the Mexican 
spotted owl and other owl species. However, 
exploitative competition, where individuals 
compete for similar resources such as prey or 
nest sites, may occur. Competition might be 
greatest between spotted and great horned owls 
because both species are relatively lange and 
widely distributed. Preliminary data from a 
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telemetry study in northern Arizona suggest that 
these owls overlap broadly in diet and space, but 
exhibit some habitat segregation (Ganey and 
Block, unpublished data). If Mexican spotted 
and barred owls are sympatric in Mexico, then 
competition might also occur between these 
closely related species. In general, however, more 
research is needed to assess the potential occur- 
rence and importance of interspecific competi- 
tion between spotted and other owls. 


FEEDING HABITS AND PREY 
ECOLOGY 


Forsman (1976) described spotted owls as 
“perch and pounce” predators. They typically 
locate prey from an elevated perch by sight or 
sound, then pounce on the prey and capture it 
with their talons. Spotted owls have also been 
observed capturing flying prey such as birds and 
insects (Verner et al. 1992b). They hunt prima- 
rily at night (Forsman et al. 1984, Ganey 1988), 
although infrequent diurnal foraging has been 
documented (Forsman et al. 1984, Laymon 
1991, Sovern et al. 1994). 

Mexican spotted owls consume a variety of 
prey throughout their range but commonly cat 
small- and medium-sized rodents such as 
woodrats, peromyscid mice, and microtine voles. 
Spotted owls also consume bats, birds, reptiles, 
and arthropods. The dict varies by geographic 
location (Ward and Block 1995; Figure. I1.A.4). 
For example, spotted owls dwelling in canyons 
of the Colorado Plateau take more woodrats, 
and fewer birds, than do spotted owls from other 
areas (Ward and Block 1995, Figure. I1.A.4). In 
contrast, spotted owls occupying mountain 
ranges with forest-meadow interfaces, as found 
within the Basin and Range - East, Southern 
Rocky Mountains - Colorado, and Upper Gila 
Mountains RUs, take more voles (Ward and 
Block 1995, Figure. 11.4.4). Regional differences 
in the owl's diet likely reflect geographic varia- 
tion in population densities and habitats of both 
the prey and the owl. 

The Team was unable to link consumption 
of specific prey and successful reproduction by 
the Mexican spotted owl, with two possible 
exceptions. First, fecundity of spotted owls 
occupying the Sacramento Mountains (Basin 











and Range - East RU) appeared to be associated 
with trends in abundance of peromyscid mice 
(Ward and Block 1995). Second, the predomi- 
nance of woodrats in the diet throughout much 
of the owl's range suggests that this prey may 
influence the owl's fitness. Other studies have 
shown positive associations between larger prey 
(e.g., woodrats) in the diet of northern and 
California spotted owls and their reproductive 
success (Barrows 1987, Thrailkill and Bias 
1989). In most cases, however, total prey biom- 
ass may be more influential on the owl's fitness 
than the abundance of any particular prey 
species. 

Habitat correlates of the owl's common prey 
emphasize that cach prey species uses a unique 
microhabitat. For example, deer mice are ubiqui- 
tous in distribution, occupying areas with 
variable conditions, whereas brush mice are 
restricted to communities with a strong oak 
component and dry, rocky substrates with sparse 
tree cover. Mexican woodrats are typically found 
in areas with considerable shrub or understory 
tree cover, little herbaceous cover, and high log 
volumes. Mexican voles are found in areas with 
high herbaceous cover, primarily grasses. Long- 
tailed voles are associated with high herbaceous 
cover, primarily forbs, many shrubs, and limited 
tree cover. Thus, to provide a diverse prey base, 
managers should provide diverse habitats for 
prey species. Managing habitat for a diversity of 
prey species may help buffer against population 
fluctuations of individual prey species and 
provide a more constant food supply for the owl. 


REPRODUCTIVE BIOLOGY 


Knowledge of the annual reproductive cycle 
of the Mexican spotted owl is important both in 
an ecological context, and for placing seasonal 
restrictions on management or on other activities 
that may occur within areas occupied by spotted 
owls. Data on the reproductive cycle of the 
Mexican spotted owl are limited compared to 
information on the northern and California 
subspecies. Therefore, although the following 
discussion is based primarily on observations of 
the Mexican spotted owl, data from the other 
subspecies are provided to fill some information 


gaps. 
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Mexican spotted owls nest on cliff ledges, 
stick nests built by other birds, debris platforms 
in trees, and in tree cavities (Johnson and 
Johnson 1985, Ganey 1988, SWCA 1992, 
Fletcher and Hollis 1994, Seamans and 
Gutiérrez, in press). Spotted owls have one of 
the lowest clutch sizes among North American 
owls (Johnsgard 1988). Females noimally lay 
one to three eggs, nvo being most common. Re- 
nesting following nest failure is unusual, but has 
been observed in Mexican spotted owls (Kroel 
1991, David Olson, Humboldt State Univ., 
Arcata, CA, pers. comm.). Mexican spotted owls 
breed sporadically and do not nest every year 
(Ganey 1988). In good years most of the popu- 
lation will nest, whereas in other years only a 
small proportion of pairs will nest successfully 
(Fletcher and Hollis 1994). Reasons for this 
pattern are unknown. 

Mexican spotted owls have distinct 
annual breeding periods, but reproductive 
chronology varies somewhat across the range of 
the owl. In Arizona, courtship apparently begins 
in March with pairs roosting together during the 
day and calling to each other at dusk (Ganey 
1988). Eggs are laid in late March or, more 
typically, early April. Incubation begins shortly 
after the first egg is laid, and is performed 
entirely by the female (Ganey 1988). Female 
northern spotted owls incubate for approxi- 
mately 30 days (Forsman et al. 1984), and 
Mexican spotted owls appear to incubate for a 
similar period (Ganey 1988). During incubation 
and the first half of the brooding period, the 
female leaves the nest only to defecate, regurgi- 
tate pellets, or to receive prey delivered by the 
male, who does most or all of the foraging 
(Forsman et al. 1984, Ganey \ # 

The eggs usually hatch in early May (Ganey 
1988). Females brood their young almost 
constantly for the first couple of weeks after the 
eggs hatch but then begin to spend time hunting 
at night, leaving the owlets unattended for up to 
several hours (Eric Forsman, FS, Corvallis, OR, 
pers. comm.). Nestling owls generally fledge four 
to five weeks after hatching in early to mid-June 
(Ganey 1988). Owlets usually leave the nest 
before they can fly, jumping from the nest on to 
surrounding tree branches or the ground 
(Forsman et al. 1.984, Ganey 1988). Owlets that 
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Figure [1.A.4. Geographic variability in the food habits of Mexican spotted owls presented as relative 
frequencies of (a) woodrats, (b) voles, (c) gophers, (d) birds, (e) bats, and (f) reptiles. Point values are 
from single studies or averages among the number of studies shown in parenthesis (a). Vertical bars are 
95% confidence intervals showing sampling and interstudy variation within a recovery unit. Recovery 
unit acronyms are COPLAT-Colorado Plateau; SRM-CO-Southern Rocky Mountain-Colorado; SR“ 
NM-Southern Rocky Mountain-New Mexico; UPGIL-Upper Gila Mountain; BAR-W-Basin and 
Range - West; BAR-E-Basin and Range - East; SMO-N-Sierra Madre Occidental-Norte 
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end up on the ground will often climb back up a 
tree to a safe roost sine. The mobility and forag- 
ing skills of owlets improve gradually during the 
summer. Within a week after leaving the nest, 
most owlets can make short, clumsy flights 
between trees. Three weeks after leaving the nest, 
owlets can hold and tear up prey on their own 
(Forsman et al. 1984). 

Fledglings depen. on their parents for food 
during the carly portion of the fledgling period. 
Hungry owlets give a persistent, raspy “begging 
call,” especially when adults appear with food or 
call nearby (Forsman ct al. 1984, Ganey 1988). 
Begging behavior declines in late August, but 
may continue at low levels until dis occurs, 
usually from mid September to carly October 
(Ganey and Block, unpubl. data, Peter Stacey, 
Univ. of Nevada, Reno, pers. comm., David 
Willey, Northern Arizona Univ., Flagstaff, pers. 


comm.). 


MORTALITY FACTORS 


Several mortality factors (discussed below) 
have been identified as potentially important 
with respect to the Mexican spotted owl. Al- 
though a number of owls have been recovered 
following mortality and examined by both field 
biologists and laboratory personnel, in general 
little is known about the extent or importance of 
these mortality factors. 


Predation 


Predation, particularly by avian predators, 
may be a common mortality factor of spotted 
owls. Potential avian predators of Mexican 
spotted owls include great horned owls, northern 
goshawks, red-tailed hawks, and golden eagles. 
Some of these predators occupy the same general 
habitats as the snotted owl, but there is little 
direct evidence that they prey on spotted owls to 
any great extent (Gutiérrez et al. 1995). Ganey 
(1988) reported one instance of apparent great 
horned owl predation on an adult spotted owl, 
and Richard Reynolds (FS, Fort Collins, CO., 
pers, comm.) reported a golden cagle preying on 
a spotted ow!. Preliminary results from radio- 
tagged Mexican spotted owls indicate that both 
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adults and juveniles are preved upon (Willey 
1993, Ganey and Block, unpubl. data), but in 
most cases the identity of the predator was 
unknown. Further, in southern Arizona, 
procyonid mammals were observed attempting 
to raid cliff site nests occupied by spotted owls 
(Russell Duncan, Southwestern Field Biologists, 
Tucson, AZ, pers. comm.). Thus, the extent to 
which Mexican spotted owls are preyed upon is 
unknown at this time. 


Starvation 


Starvation is likely another common source 
of mortality. Juvenile northern spotted owls may 
be more vulnerable to starvation than adults 
(Gutiérrez et al. 1985, Miller 1989), because of 
their poor hunting skills. Starvation may also 
result from low abundance or availability of prey, 
which could affect both adults and juveniles. 
Both adult and juvenile owls radio-tagged in 
Arizena have been found dead of apparent 
starvation (Ganey and Block, unpublished data), 
and two of seven radio-tagged juveniles in Utah 
died of starvation (Willey 1993). Most instances 
of starvation occurred from late fall through 
winter, when prey resources were reduced in 
abundance and availability (Willey 1993, Block 
and Ganey, unpublished data). In addition, 
starvation may predispose young or even adults 
to predation. 


Accidents 


Accidents may be another mortality factor. 
For example, instances of spotted owls being hit 
by cars have been documented (Roger Skaggs, 
New Mexico State Univ, Las Cruces, pers. 
comm; Russell Duncan, Southwestern Field 
Biologists, Tucson, AZ, pers. comm.). Owls 
flying at night might also collide with 
powerlines, tree branches, or other obstacles. 
This might be particularly true for birds migrat- 
ing or dispersing through unfamilar terrain. 
Ag?in, little information is available on how 


frequently this might occur. 





Disease and Parasites 


Little ts known about how discase and 
parasites contribute to mortality of spotted owls 
Hunter ct al. (1994) found a larval mite and lice 
on 2 of 28 muscum specimens of Mexican 
spotted owls examined for parasites, and 6 of 18 
live owls examined had hippoboscid fly larvae in 
their cars. Some of the live owls examined also 
had lice. Hunter et al. (1994) reached no conclu- 
sions concerning mortality and ectoparasites in 
spotted owls, but did suggest that larval infesta- 
tions in their cars could affect the owls hearing 
Because hearing is important for foraging at 
night, such infestations could impact the birds 
ability to hunt effectively 

In general, however, spotted owls may be 
adapted to high parasite loads. In a survey of 
blood parasites in all three subspecies of spotted 
owls, Gutiérrez (1989) found an infection rate of 
10 percent. Although disease and parasites 
could predispose owls to death by starvation, 
predation, or accident, no evidence exists docu- 


menting disease and parasites as direct mortality 
factors within the Mexican subspecies. 


POPULATION BIOLOGY 


The Mexican Spotted Owl populetion for a 
specific area can be modeled with the simple 
equation 

N =«=N+B-D «1-€ 
where NV is the population size at time ¢, B is the 
number of new birds recruited into the popula- 
tion (births), Dis the number of birds dying, / 
is the number of birds immigrating into the 
population, and F is the number of birds emi- 
grating from the population. The combined 
effect of births, deaths, immigrations, and 
emigrations dictate the viability of the popula- 
tion, and hence its long-term persistence 


Survival 


Annual survival rates of adult Mexican 
spotted owls is 0.8-0.9 based on short-term 
population and radio-tracking studies and 


longer-term monitoring studies (White et al 
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1995). These annual survival estimates can be 
viewed as the probability of an individual surviv- 
ing from one year to the next of as the propor- 
non of individuals that will survive from onc 
vear to the next. A variety of differer.t estimators 
of adult survival using different types and sets of 
data gave similar results 

Juvenile survival is considerably lower ( 0.06- 
0.29) than adult survival. Juvenile survival also 
appears more spatially variable, although this 
conclusion reflects only two population study 
areas and two radio-tclemetry studies spanning 
two years or less. 

We strongly suspect that estimates of juve- 
nile survival from the population studies which 
utilize mark-recapture methods are biased low 
because of (1) a high likelihood of permanent 
dispersal (emigration) from the study area, and 
(2) a lag of several years before marked juveniles 
reappear as territory holders, at which point they 
are first detected for recapture. Juvenile northern 
spotted owls have a high dispersal capability 
(reviewed in Thomas ct al. 1990). If Mexican 
spotted owl juveniles have a similar dispersal 
capability, we expect that a substantial portion of 
marked juveniles will emigrate from the respec- 
tive study areas. However, estimates from the 
radio-telemetry studies roughly corroborated the 
low estimates from the population studies. Biases 
in the radio-telemetry estimates of juvenile 
survival can result if radios significantly affect 
their survival. Whether radios or their attach- 
ment affect survival of northern spotted owls is 
debatable (Paton et al. 1991, Foster et al. 1992) 
Concerning the second point, Franklin (1992) 
found a lag of 1-4 years between the time when 
juvenile northern spotted owls were banded and 
subsequently recaptured. If this process is similar 
for Mexican spotted owls, then the current 
population studies may be of insufficient dura 
tion to adequately estimate juvenile survival 

In summary, current survival estimates are 
based primarily on studies of insufficient dura 
tion or studies not explicitly designed to estimate 
survival. In most cases, the data are too limited 
to support or test the assumptions of the estima 
tors used. However, the age- and sex-specific 
estimates of survival calculated here are useful at 
this point as qualitative descriptors of the lite 
history characteristics of Mexican spotted owls 








That is, Mexican spotted owls exhibit high adult 
and relatively low juvenile survival. In this 
respect, Mexican spotted owl survival probabili- 
tics appear similar to northern (see review in 
Burnham ct al. 1994) and California spotted 
owls (Noon ct al. 1992). 


Reproduction 


Reproductive output of Mexican spotted 
owls, defined as the number of young fledged 
per pair, varies both spatially and temporally 
(White et al. 1995). Mexican spotted owls may 
have a higher average reproductive rate (1.001 
fledged young per pair) than the California 
(-0.712; Noon et al. 1992) and the northern 
spotted owl (-0.715; Thomas ect al. 1993). All 
three subspecies exhibit temporal fluctuations in 
fluctuations may be greatest for the Mexican 
spotted owl, 


Environmental Variation 


Environmental conditions greatly affect 
reproduction and/or survival of nestlings 
through fledging and to adulthood. However, 
adult survival rates appear to be relatively con- 
stant across years, as suggested by high pair 
persistence rates (White et al. 1995). Such life 
history characteristics are common for K- 
selected species, for which populations remain 
relatively stable even though recruitment rates 
might be highly variable. With no recruitment, 
the population declines at the rate of 1 minus 
adult survival, or the adult mortality rate. 


Population Trends 


We have inadequate data to esiimate popula- 


tion trends in Mexican spotted owls. We have 
little confidence in our estimates of population 
trend that include estimates of juvenile survival 
because these estimates of juvenile survival are 
probably biased low. Further, the population 
studies from which parameter estimates were 
derived have not been conducted for a suffi- 
ciently long period to capture temporal varia- 
tion. Population trend was also evaluated with 
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occupancy data (White et al. 1995), but again is 
suspect. Changes in occupancy rate probably 
cred mor ih me mong of 
in the owl population. As a complicating factor 
a nonrandom sample of all existing Mexican 
Lenin ‘ble inf | 


MOVEMENTS 


Seasonal Movements 


Seasonal movement patterns of Mexican 
spotted owls are variable. Some radio-tracked 
owls are year-round residents within an areca, 
some remain in the same general area but show 
shifts in habitat-use patterns, and some migrate 
considerable distances (20-50 km [12-31 miles}) 
during the winter (Ganey and Balda 1989, 
Ganey et al. 1992, Willey 1993, Ganey and 
Block unpublished data). In general, migrating 
owls move to more open habitats at lower 
elevations (Ganey ct al. 1992, Willey 1993). 
Willey (1993), however, observed one owl that 
migrated to coniferous forest at a higher cleva- 
tion than the owls’ breeding-scason range. 


Natal Dispersal 


Little is known about habitat use by 
tadio-tracked in southern Utah (Willey 1993) 
dispersed over distances ranging from 24 to 145 
km (15 to 90 miles). These owls apparently 
moved through a variety of habitats including 
spruce-fir and mixed-conifer forests, pinyon- 
juniper woodland, mountain shrublands, desert 
scrublands and desert grasslands. Another five 
juvenile owls were radio-tagged in the San Mateo 
Mountains of New Mexico in 1993 (Peter 
Stacey, Univ. of Nevada, Reno, pers. comm.). 
Two of these apparently moved to an adjacent 
mountain range before their signals were lost, Of 
the remaining three, one was relocated the 
following year within the San Mateo Mountains. 
Fates of the other two juveniles were unknown. 





LANDSCAPE PATTERN 
AND METAPOPULATION 
SY RUCTURE 


Keitt et al. (1995) examined the spatial 
pattern of forest habitat patches across the range 
of the Mexican spotted owl. Their objective was 
to gauge the extent to which the owl might 
behave as a metapopulation in the classical sense 
of a set of local populations linked by infrequent 
dispersal. Such a finding, if verified, would 
suggest that population dynamics of owls in onc 
local population might be influenced by factors, 
including management activities, that affected 
lations could be treated separately with some 
confidence that actions in onc part of the owl's 
range would not greatly affect other populations. 

Keitt et al. (1995) concluded that the owl 
probably behaves as a classical metapopulation 
over much of its range. That is, the level of 
habitat connectivity is such that many habitats 
are “nearly connected” at distances correspond. 
ing to their best empirical estimates of the owl's 
d‘spersal capability. At this scale, the landscape 
consists of a set of large, more-or-les: discrete 
habitat clusters. For example, most of the 
Mogollon Rim functions as a single cluster, the 
southern Rockies as another single cluster, and 
so on. This suggests that owls could disperse 
within habitat clusters with very high probabyil- 
ity, and disperse between clusters at very low 
probability. Thus, we would expect owls to 
disperse within clusters most of the time but 
berveen clusters only rarely which is consistent 
with the definition of a metapopulation. This 
finding suggests that the Plan should incorporate 
recommendations that maintain (or increase) 
habitat connectivity across the owl's range. 
Habitat connectivity buffers a population from 
stochastic variability through time by providing 
the opportunity for local population failures to 
be “rescued” by immigration from other popula- 
thorns. 

Keitt et al. (1995) also attempted to identify 
those habitat clusters most important to overall 
landscape connectivity. They first ranked habi- 
tats to emphasize the importance of large perches 
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approach to emphasize positional effects (ic. 
as “stepping stones’ or bridges between larger 
habitat clusters). 

In the first analysis, the largely contiguous 
habitat of the Mogollon Rim emerged as most 
important overall, because of its large arca. In the 
included several fragments of the Cibola Na- 
tional Forest (Mt. Taylor and Zuni Mountains) 
that may serve as stepping stones between other, 
larger clusters. These small patches may warrant 
support few owls but may nevertheless be 
important to overall landscape connectivity. 


CONCLUSIONS 


In many ways, the Mexican spotted owl 
appears to be quite similar to both the northern 
and California spotted owls with respect to 
general behavioral patterns and ecology. For 
example, all three subspecies are most common 
in forests of complex structure, prey mainly on 
similar vocalizations, reproductive chronologies, 
and population characteristics. However, impor- 
tant differences exist between the Mexican 
spotted owl and the other subspecies. The 
distributional pattern of the Mexican spotted 
owl is more disjunct than that of the other 
subspecies, with the possible exception of the 
California spotted owl population in the moun- 
tain ranges of southern California (Noon and 
McKelvey 1992). The Mexican subspecies also 
appears to use a wider range of habitat types 
than the other subspecies. These unique aspects 
of the ecology of the Mexican spotted owl 
require umique approaches to its management. 
For example, threats to owl habitat and manage- 
ment proposed to address those threats may well 
differ among the diverse habitats occupied by 
Mexican spotted owls. In addition, because of 
its: dispunct distributional pattern, dispersal 
armmong subpopulations of Mexican spotted owls 
is an important consideration. Thus, habitat 
management plans may need to consider not 
only areas occupied by owls but also intervening 











I  _—_—_ 





Micuacan fumed (hel Recences Pes 
areas, even where such arcas are very different respect to some aspects of the owis coology (cg 
in habstat structure from those typically habitat use), cause and effect rclationships have 
occupied by spotted owls not been documented. Further, many aspects of 

We have learned a great deal about the spotted owl demography and population struc- 
Mexican spotted owl in the last decade, but ture remain unclear. These considerations 
ugnificant information gaps still remain. Most suggest that much additional research is needed. 
studies of the owl to date have been descrip- and that management recommendations in the 
tve rather than experimental (I11.D). Al- near term must deal with high levels of uncer- 
though we have identified patterns with tainty 
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B. RECOVERY UNITS 


Sarah EF. Rinkerach, Joseph 1. Gancy, William H. Morr, 
Frank P| Howe, Fernande Clemente, and Juan F. Martinez-Montoya 


The Mexican spotted ow! inhabits diverse 
forest types scattered across an even more physi- 
cally diverse landscape. Further, human activities 
vary dramatically throughout the owls range. 
These variations limit our ability to approach a 
status assessment on a rangewide basis. Con- 
segucntly, we divided the range of the owl into 
11 geographic areas called “Recovery Units” 
(hereafter RUs). Six RUs were recognized within 
the United States: Cohvrado Plateau, Southern 
Rocky Mountains - Colorado, Southern Rocky 
Mountains - New Mexico, Upper Gila Moun- 
tains, Basin and Range - West, and Basin and 
Range - East (Figure. 11.B.1). Five RUs were 
recognized in Mexico: Sserra Madre Occidental - 
Norte, Sierra Madre Oriental - Norte, Sierra 
Madre Occidental - Sur, Sierra Madre Oriental - 
Sur, and Eje Neovolcanico (Figure. 11.B.2). 


UNITED STATES 


Recovery Units were identified based on the 
following considerations (in order of impor- 
tance): (1) physiographic provinces, (2) biotic 
regimes, (3) perceived threats to owls or their 
habitat, (4) administrative boundaries, and (5) 
known patterns of owl distribution. It is impor- 
tant to note that owl distributional patterns were 
a minor consideration in RU delineation, and 
that RUs do not necessarily represent discrete 
populations of owls. In fact, movement of 
individuals between RUs has been documented 
(Ganev and Dick 1995). 

hour major physiographic provinces were 
used in delineating RUs in the United States: the 
Colorado Plateau, Basin and Range, Southern 
Rocky Mountains, and Upper Gila Mountains 
(Hammond 1965, Wilson 1962, USGS 1970, 
Bailey 1980). Biotic regimes were based on 
classifications by Bailey (1980) and Brown et al. 
(1980). Administrative boundaries were used 
where management practices differed between 
jurisdictions (e.g. Southern Rocky Mountains 
RUs). The following narratives describe domi- 


nant physical and biotic characteristics, patterns 
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of owl distribution and habitat usc, and the 
dominant patterns of land ownership and land 


use within cach RU. 


Colorado Plateau 


The Colorado Platcau RU (Figure. 11.B_3) 
coincides with the Colorado Platcau Physi- 
ograpivic Province (USGS 1970). It includes 
most of south-central and southern Utah plus 
portions of northern Arizona, northwestern New 
Mexico, and southwestern Colorado. Major 
landforms include interior basins and high 
plateaus dissected by deep canyons, including 
the canyons of the Colorado River and its 
tributaries (Williams 1986). 

Grasslands and shrub-steppes dominate the 
Colorado Plateau at lower clevations, but wood- 
lands and forests dominate the higher clevations 
(Bailey 1980, West 1983). Pinyon pine and 
various juniper species comprise the primary tree 
types in the woodland zone. A montane zone 
extends over areas on the high plateaus and 
mountains (Bailey 1980). Forest types in this 
zone include ponderosa pine, mixed-coniter, and 
spruce-fir. Conifers may extend to lower cleva- 
tions in canyons. Deciduous woody species 
dominate riparian communities, and are most 
common along major streams. 

The Mexican spotted owl reaches the north- 
western limit of its range in this RU, Owl 
habitat appears to be naturally fragmented in 
this RU, with most owls found in disjunct 
canyon systems or on isolated mountain ranges. 
In southern Utah, breeding owls primarily 
inhabit deep, steep-walled canyons and hanging 
canyons. These canyons are typically surrounded 
by terrain that does not appear to support 
breeding spotted owls. Owls also apparently 
prefer canyon terrain in southwestern Colorado, 
particularly in and around Mesa Verde National 
Park. In northern Arizona and New Mexico, 
owls have been reported in both canyon and 
montane situations. Recent records of spotted 
owls exist for the Grand Canyon and Kaibab 
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Plateau in Arizona, as well as for the Chuska 
Mountains, Black Mesa, Fort Defiance Plateau, 
and the Rainbow/Skeleton Plateau on the 
Navajo Reservation. In addition, records exist tor 
the Zuni Mountains and Mount Taylor in New 
Mexico. 

Federal lands account for 44% of this RU 
(Table 11.B.1). Tribal lands collectively total 
30%, with the largest single entity being the 
Navajo Reservation. Private ownership accounts 
for 19%, and State lands just 8%. Most Mexican 
spotted owls have been located on NPS lands in 
this RU, followed by FS and then BLM lands 
(Ward et al. 1995). 

Recreation ranks first among land uses in 
National Parks within this RU. Activities such as 
hiking, camping, hunting, rock climbing, and 
mountain biking occur in owl habitat. Many of 
these activities plus off-road vehicle recreation 
also occur on BLM and FS lands throughout the 
Colorado Plateau. Various commercial enter- 
prises relevant to industry and agriculture take 
place on these lands. Particularly important are 
livestock grazing, timber cutting, coal and 
uranium mining, oil and natural gas pumping, 
and continued exploration for these and other 
resources. Access roads, drill pads, pipelines, and 
loading and storage areas accompany all of these 
activities, 


Southern Rocky Mountains - Colorado 


This RU (Figure. 11.B.4) falls partly within 
the Southern Rocky Mountains Physiographic 
Province (USGS 1970) and partly within the 
Colorado Plateau Ecoregion (Bailey 1980). The 
Colorado - New Mexico state line delimits the 
southern boundary of this RU because land-use 
practices and potential threats on Federal lands 
differ between these states. High mountain 
ranges characterize the RU (Curtis 1960); 
dominant ranges include the San Juan Moun- 
tains of southwestern Colorado, the Sangre de 
Cristo Mountains, and the Front Range. 

Vegetation ranges from grasslands at low 
clevations through pinyon-juniper woodlands, 
interior shrublands, ponderosa pine, mixed- 
conifer and spruce-fir forests, to alpine tundra 
on the highest peaks (Daubenmire 1943). 
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The Mexican spotted owl reaches the north- 
eastern limit of its range in this RU. Found 
primarily in canyons in this RU, the owls appear 
to occupy two disparate canyon habitat types. 
The first is sheer, slick-rock canyons containing 
widely scattered patches (up to | ha in size) of 
mature Douglas-fir in or near canyon bottoms or 
high on the canyon walls in short, hanging 
canyons. The second consists of steep canyons 
containing exposed bedrock clitts either close to 
the canyon floor or, more typically, several tiers 
of exposed rock at various heights on the canyon 
walls (Reynolds 1993). Mature Douglas-fir, 
white fir, and ponderosa pine dominate canyon 
bottoms and both north- and cast-tacing slopes. 
Ponderosa pine grows on the more xeric south- 
and west-facing slopes, with pinyvon-juniper 
growing on the mesa tops. 

Federal lands encompass 55% of the RU, 
with the majority administered by the FS, 
followed by the BLM and NPS (Table I1.B.1). 
Approximately 40% of the land is privately 
owned, 3% is State administrated, and <1% is 
Tribal land. Owls have been located on FS, 
BLM, NPS, and Tribal lands (Ward et al. 1995). 

Land-use practices throughout the RU 
include timber cutting, grazing, mining, oil and 
natural gas pumping, plus all the associated 
facilities development such as access roads, 
pipelines, and staging and storage areas. Recre- 
ational activities include downhill and cross- 
country skiing, off-road driving, rock climbing, 
backpacking, camping, hiking, and mountain 
biking. Road, water, and urban development 
may also affect spotted ow! habitat in this RU. 


Southern Rocky Mountains 


- New Mexico 


This RU (Figure. 11.B.5) coincides with the 
Southern Rocky Mountains Physiographic 
Province (USGS 1970) and the Rocky Mountain 
Forest Province (Bailey (980). The landscape 
includes a system of high ranges separated by 
deep structural basins of the northern Rio 
Grande rift (Williams 1986). Major ranges 
include the Sangre de Cristo and Jemez Moun- 
tains. 














Table 1°.B.1. Land ownership patterns (thousands of hectares) in Recovery Units (RU) within the United States. 








LAND STATUS CP’ SRM-CO- SRM-NM’ UGM* BR-W” BR-E* 
Federal Lands 
tS > 503 4.546 1.220 3.520 2.238 495 
BILM 7672 2.227 520 145 3,359 1.829 
NPS 1.678 140 14 17 172 59 
lowal bederal 11.853 7.913 1.754 3,682 5.769 2.383 
State Lands 
VV 957 0) 0) 0 2.905 0) 
NM v0 0 200 19) 84 856 
| RG! 0) 0) 0) () 0) 
(0) 1] 454 0) () 0 0 
— fotal Mate 2,129 454 200 212 2.989 856 
Irsbal | ands B.026 85 464 94] 1.922 382 
Private Lands $013 S717 2,141 3,520 3712 2,586 
(her Lands lb 105 24 70 1.759 110] 
IOOTAI roy 14.274 4,582 8.425 16,151 7.308 





Colorado Plateau RU 

Southern Rocky Mountain - Colorado RU 

Southern Rocky Mountain - New Mexico RU 

Upper Gila Mountains RU 

Basin and Range - West RU 

Basin and Range - bast RU 

Other Lands include U.S. Department of Defense, Bureau of Reclamation, U.S. Fish and Wildlife Service Refuge Lands, etc. 
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Vegetation within the unit has been modified 
by past logging, grazing, surface mining, 
fuelwood gathering, and fire suppression (Will- 
iams 1986, Van Hooser et al. 1993). Ponderosa 
pine, mixed-conifer, and spruce-fir forests are 
widespread at higher clevations. Juniper savanna 
and montane grasslands dominate lower cleva- 
tions (Brown ct al. 1980). In some areas mesa 
tops dominated by ponderosa pine ead juniper 
are dissected by steep canyons. Vegetation on 
canyon slopes and bottoms includes a variety of 
coniferous and deciduous trees. 

In general, owls inhabit steep terrain and 
canyons in this RU. They typically occur in 
mixed-conifer forests on steep slopes in the 
Sangre de Cristo Mountains, and in the Jemez 
Mountains they occupy canyons incised into 
volcanic rock. Patches of mixed-conifer forest 
which appear to contain attributes of owl habitat 
exist throughout northern New Mexico. 

Privately owned lands comprise 47% of the 
total land within this RU (Table I1.B.1). Federal 
lands account for 38%, numerous Pucblos and 
Tribal lands 10%, and State-administered lands 
4%. Mexican spotted owls have been found 
primarily on FS lands, with several records in 
Bandelier National Monument as well (Johnson 
and Johnson 1985:5). 

Dominant land-use practices within this RU 
include timber cutting and livestock grazing. 
Products such as vigas (small- to medium- 
diameter trees, generally 30-35cm dbh, used for 
traditional southwest ceiling beams), latillas 
(small-diameter trees, generally 10cm dbh apsen 
saplings, used for decorative southwest ceilings 
or fences), and fuelwood are harvested for 
personal use. Recreational activities in northern 
New Mexico include skiing, off-road driving, 
hiking, camping, and hunting. Other land uses 
include oil, natural gas, and mineral develop- 
ment, and pipeline corridors. 


Upper Gila Mountains 


The Upper Gila Mountains RU (Figure. 
11.8.6) is based on the Upper Gila Mountains 
Forest Province (Bailey 1980). Williams (1986) 
refers to this area as the Datil-Mogollon Section, 
part of a physiographic subdivision transitional 
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berween the Basin and Range and Colorado 
Plateau Provinces. This complex area consists 
of steep mountains and deep entrenched river 
drainages dissecting high platcaus. The 
Mogollon Rim, a prominent fault scarp, bisects 
the unit. 

McLaughlin (1986) described a ~Mogollon” 
floral clement in this region. The vegetation is a 
zonal pattern of grasslands at lower clevations 
upward through pinyon-juniper woodlands, 
ponderosa pine, mixed-conifer, and spruce-fir 
forests at higher clevations. Many canyons 
contain stringers of deciduous riparian forests, 
particularly at low and middle clevations. This 
unit contains the largest contiguous ponderosa 
pine forest in North American, an unbroken 
band of forest 25 to 40 miles wide and approxi- 
mately 300 miles long extending from north- 
central Arizona to west-central New Mexico 
(Cooper 1960). 

Mexican spotted owls are widely distributed 
and use a variety of habitats within the Upper 
Gila Mountains RU. Owls are most common in 
mixed-conifer forests dominated by Douglas fir 
and/or white fir and canyons with varying 
degrees of forest cover (Gancy and Balda 1989%a, 
Ganey and Dick 1995). Owls also occur in 
ponderosa pine-Gambel oak forest, where they 
are typically found in stands containing well- 
developed understories of Gambel oak. 

Federal lands, mostly FS, encompass 44% of 
this RU (Table I1.B.1). Tribal lands account for 
11%, privately owned lands 42%, and State 
lands 3%. The greatest conceniration of the 
known Mexican spotted owl population occurs 
within this RU, and most known owl locations 
occur on FS and Tribal lands (Ward et al. 1995). 
Many spotted owls are found within wilderness 
areas in this RU with the Gila Wilderness 
supporting the largest known wilderness popula- 
tron. 

The major land use within this RU is timber 
harvest. All of the National Forests as well as the 
Fort Apache and San Carlos Indian Reservations 
have active timber management programs. 
Fuclwood harvest, including both personal and 
commercial harvest, occurs across much of this 
unit. Livestock grazing is ubiquitous on FS lands 
and widespread over large portions of the hort 
Apache and San Carlos Indian Reservations. In 
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addition, recreational activities such as hiking, 
camping, and hunting attract many poopie to 
this RU. 


Basin and Range - West 


The Basin and Range Arca Province (USGS 
1970, Bailey 1980) provided the basis for two 
RUs (Figure. 11.8.7). We subdivided the Basin 
and Range arca into eastern and western units 
using the Continental Divide as the partion 
between these units. The division was based on 
differences in climatic and floristic characteristics 
flora 1s dominated by Madrean clements while 
Rocky Mountain affinities (Brown ct al. 1980). 
RU exhibits horst and graben faulting (Wilson 
1962) with numerous fault-block mountains 
separated by valleys. Complex faulting and 
within these mountains. These ranges include. 
but are not limited to, the Chiricahua, 
Huachuca, Pinaleno, Bradshaw, Pinal, Santa 
Catalina, Santa Rita, Patagonia, Santa Teresa, 
Atascosa, Mule, Dragoon, Peloncillo, Mazatzal, 
aid Rincon Mountains. 

Vegetation ranges from desert scrubland and 
sem desert grassland in the valleys upwards to 
mont. ne forests. Montane vegetation includes 
imterio: chaparral, encinal woodlands, and 
Madrean pine-oak woodlands at low and middle 
elevations. with ponderosa pine, mixed-coniter, 
and spruce fir forests at higher clevations (Brown 
ct al. 1980). isolated mountain ranges are 
surrounded by Sonoran and Chihuahuan desert 
basins. 

Mexican sported owls occupy a wide range of 
habitat types within this RU. The majority of 
owls occur in isolated mountain ranges where 
thev inhabit encinal oak woodlands, mixed- 
conifer and pine-oak torests, and rocky canyons 
(Ganey and Balda 198%a, Duncan and Taiz 
1992, Ganey et al. 1992) 

Federal lands encompass 40% of this RU, 
mostly administered by the BLM followed by 
the FS and a small portion by the NPS (Table 
11.8.1). Privately owned lands amount to 22%, 
State lands 19%, Tribal lands (San Carlos 
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Apache Reservation) 12%, and DOD lands 
11%. Within this RU the Mexican sported 
owl occupics primarily FS lands, and the major- 
DOD lands also suppor the owl on Fort 
Huachuca Army Base in the Huachuca 
Mountains. 
unit. Activitics such as hiking, birdwatching. 
ar patthulatly popular. Livotack grazing is 
widespread but most intensive at low and middle 
elevations. Urban and rural development and 
on the Prescott National Forest and the San 
Carlos Apache Indian Reservation. According to 
the Coronado National Foret Land Manage- 
ment Plan, timber cutting is used sparingly to 
enhance wildlife and recreational values. Miliary 
training maneuvers take place in and around 
Mexican spotted owl habitat on Fort Huachuca 
Army Base. 


Basin and Range - East 


We delineated the Basin and Range - East 
RU (Figure. 11.8.8) based on the Basin and 
Range Arca Prowince (USGS 1970) and the 
Desert and Steppic Ecoregions (Bailey 1980). 
This RU is characterized by numerous parallel 
mountain ranges separated by alluvial valleys and 
broad, flat basins. Williams (1986) refers to the 
Rio Grande Rift as the separation between the 
Basin and Range physiographic province and the 
Colorado Plateau and Upper Gila Mountains 
physiographic provinces. The climate features 
mild winters, as indicated by the presence of 
broad-leaved evergreen plants at relatively high 
elevations (USDA 1991). 

Regional vegetation ranges from Chihua- 
huan desert scrubland and Great Basin grass- 
lands at low elevations, through Great Basin 
woodland (pinyon-juniper) at middle clevations 
to petran montane coniferous forests at high 
elevations (Brown et al. 1980). Montane habitat 
includes ponderosa pine, mixed-conifer, and 
spruce-fir forests and is patchily distributed 
throughout the higher mountain ranges. Cot- 
tonwood bosques as well as other riparian 
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vegetation exist along the Rio Grande corndor. 
Montane and especially nparian communitics 
have been altered considerably by human activi- 
tics. 

Mexican spotted owls occur in the isolated 
mountain ranges scattered across this RU. They 
are Most common in mixed-conifer forest but 
are also found in ponderosa pine forest and 
pinyon-juniper woodland (Skaggs and Raitt 
1988). The owl has been found within mixed- 
conifer canyon habitat in the Guadalupe Moun- 
tains (McDonald ct al. 1991). 

Ot the Basin and Range - East RU land area, 
private lands encompass 35%, hederal lands 
48%, State lands 12%, and Tribal lands 5% 
(Table 11.B.1). The Mescalero Apache Indian 
Reservation comprises the largest portion of the 
Iribal lands. The majority of known Mexican 
spotted owls are located on FS lands, with some 
tound on NPS and Tribal lands. 

Dominant lana uses within this RU include 
timber management and livestock grazing. 
Recreational activities such as off-road driving, 
skiing, hiking, camping, and hunting are also 


locally common within the RU. 
MEXICO 


Conserving its natural resources has been a 
sienificant challenge tor Mexico. To meet the 
challenge, the National System of Protected 
Areas was formed: in March of 1988, the Gen- 
eral Law of Ecological Balance and Environmen- 
tal Protection was implemented. A total of 5,992 
km (almost 600,000 ha) has been decreed as 
Protected Natural Areas within the RUs. This 
expanse has been classified into nine categories 
according co the management objectives and the 
legal uses of particular areas. The categories 
include: (!) Biosphere Reserves, (2) Special 
Biosphere Reserves, (3) National Parks, (4) 
National Monuments, (5) National Marine 
Parks, (6) Areas of Protection of Natural Re- 
sources, (7) Arcas of Protection of Land and 
Aquatic Wildlife, (8) Urban Parks, and (9) Areas 
Subject to Ecological Conservation. Overall, 


there are three types of land tenancy exist in 
Mexico: (1) Federal lands, which include 
different institutions of the Federal Government 
such as Protected Natural Areas: (2) eyidal land, 
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which includes land allotted by the Mexican 
Government to a person or community, tor 
agriculture, forestry, mining, or other uses; and 
(3) private land. 

The five RUs in Mexico include Sicrra 
Madre Occidental - Norte, Sierra Madre Onien- 
tal - Norte, Sierra Madre Occidental -Sur, Sierra 
Madre Oriental - Sur, and Eye Neowokc snico 
(Figure. 11.B.2). Three major physiog: aphic 
provinces were used in the delineation: Sierra 
Madre Occidental, Sierra Madre Onental, and 
Sistema Volcanico Thr<versal (Cuanalo ct al. 
1989). Criteria used to delineate RUs in Mexico 
were similar to that used to conform the RUs in 
the United States. These criteria, listed in order 
of importance, were: (1) distribution of the 
spotted owl, (2) local vegetation, (3) physi- 
ographic features, (4) administrative boundaries, 
and (5) potential threats to the conservation of 
the owl and its habitat. 

Owl distribution is disjunct across Mexico. 
Williams and Skaggs (1993) report spotted owls 
at 53 locations in 11 mainland Mexican States. 
Although vegetation types differ throughout 
each RU, oak and pine-oak forest types appeared 
to be commonly associated with owl habitat in 
most or all RUs. These oak species included 
(Quercus resinosa, Q. gentryi, Q. eduardii, Q. 
grisea, Q. chihualuensis, Q. potosinal(. lacta, and 
(. coccolobifolia. Further, Pinus teocote was the 
most COMMON Pine OCccUTTINg ON UPpPer Mesas 
and occasionally on north-facing slopes in some 
areas where owls were found. Land uses within 
all RUs include timber cutting, cattle and sheep 
grazing, fuclwood gathering, and clearing tor- 
ested areas for agriculture. Although, these land 
uses are practiced in different amounts through- 
out cach RU, the majority occur within ejidos. 
The following narratives describe dominant 
physical and biotic attributes, distribution of 
owls, and land administration and ownership 


of cach unit. 
Sierra Madre Occidental - Norte 


Covering an enormous area, the Sierra 
Madre Occidental - Norte includes parts of the 
States of Chihuahua, Sinaloa, Durango, and 
Sonora. In general, this area is characterized by 


isolated mountain ranges surrounded by both 








narrow and wide valleys. Vegetation communt- 
rcs COnNMM of pine-oak forest, tropical dex sduous 
torest, oak forest, microphyll shrub, and grass- 
land 

Mexican spotted owls have been reported in 
the northern and western portions of this RU_A 
reocnt study in Sonora found 12 sites on isolated 
mountain ranges (Cirett-Galan and Diaz 1993) 
The owls occupied canyons and slopes with 
various exposures, and most were found in pinc- 
oak torest. In portions of ¢ hihuahua, 25 owls 
were located at 13 different localities in several 
mountain ranges (larango ct al. 1994). Most 
owls were found in small, isolated pate hes of 
pine-oak forest in canyons 

Records for the State of Sinaloa are limited. 
There are at least two records trom the high 
Rancho Licbre Barranca, near the Sinaloa- 
Durango State line (Williams and Skaggs 1993) 
These sites were described as deep canyons 
containing pine-oak and subtropical vegetation 
(Alden 1969) 

Private lands comprise 74%, cjidos 25%, and 
kederal lands 1% of the total land within this 
RU (Table 11.B.2). Chihuahua has two National 
Parks: Cascadas de Bassaseachic, and (Cumbres 
de Majalca. This RU also includes La Michilia 
Biosphere Reserve, located in Durango. Bio- 
sphere Reserves are protected areas with 
relatively unaltered landscapes and contain 
endemic, threatened, or endangered species 
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Sierra Madre Oriental - Norte 


The Serra Madre Oriental - Norte includes 
the central portion of the State of Coahuila. The 
area ts characterized by broad mountain ranges 
surrounded by vallevs. Vegetation consists of 
grasslands, mesquite woodland, dwart oak 
groves, submontance shrubland, desert shrubland. 
crasicaule shrub, and pine-oak and oak forests. 

Iwo owl records are reported for thes RU. Ar 
one of these sites an owl was observed roosting 
in a canyon bottom under a dense canopy of 
maples and oaks. Vegetation in the other canyon 
was described as “garden-like,” containing pines, 
oaks, and madrones (Williams and Skaggs 
1993). 

Lands in this RU are almost entirely pri- 
vately owned (Table 11.B.2)}. Private lands en- 
compass over 99% and cyidos comprise < 1% of 
the total land area. No Protected Natural Areas 
of any category exist in this RU. 


Sierra Madre Occidental - Sur 


The Sierra Madre Occidental - Sur RU 
includes parts of the States of Durango, 
Zacatecas, San Luis Potosi, Aguascalientes, 
Jalisco, Nayarit, Queretaro, and Guanajuato. In 
general, this area is characterized by isolated 





Table 11.8.2. Land ownership patterns (thousands of hectares) in Recovery Units within Mexico. 
PP 


Land Ownership SMOcN' SMOrN: 
bidos 4, 7R4 28 
PNAs 46 {) 
Private 14.100 7 SOG 
Total 18,929 75M 
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mountains, vallevs, and severely dissected can- 
yons and gorges. Vegetation includes mesquite 
woodland, submontane shrub, grasslands, pine- 
oak forest, crasicaule shrub, low tropical decidu- 
ous forest, and desert shrubland. 

Records exist for owls in La Michilia Bio- 
sphere Reserve. In addition, Mexican spotted 
owls have recently been found in Aguascalientes 
near the border of Zacatecas, in the Sierra Fria 
(Willams and Skaggs 1993). Owl records also 
exist within Guanajuato State. 

Private lands comprise 62%, cjidos 37%, and 
Federal lands 1% ot this RU (Table I1.B.2). 
Federal lands include two National Parks: E] 
Climatario in Queretaro State, and Gogorron in 
the State of San Luis Potosi. In addition, this RU 
includes Mariposa Monarca Sanctuary, a Special 
Biosphere Reserve. The Special Biosphere 
Reserves have one or more ecosystems, are 
relatively unaltered by anthropogenic activities, 
and contain endemic, threatened, or endangered 
species. 


Sierra Madre Oriental - Sur 


The Sierra Madre Oriental - Sur includes 
perts of the States of Coahuila, Nuevo Leon, and 
Tamaulipas. This RU is characterized by long 
ridges with sharp pinnacles, narrow valleys, and a 
few plateaus. Vegetation consists of pine forest, 
submontane shrublands, dwarf oak, and desert 
rosctofilo shrublands. 

Mexican spotted owls have been found in 
the southern portions of Coahuila (Williams and 
Skaggs 1993) and in Tamaulipas (Ward et al. 
1995). The owls were found in oak, pine, 
juniper, and mixed-coniter forests. They were 
reported to use cliff sites for nesting and roost- 
ing. 

Five locations have been reported in Nuevo 
Leon. These sites were described as pine-oak and 
mixed-coniter forests with large clifts having 
northeast exposures. 
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This RU is comprised of 77% private prop- 
erty, 12% Federal lands, and 11% ejidos (Table 
11.B.2). The Federal lands include one National 
Park, Cumbres de Monterrey in Nuevo Leon. 
Natural Monument Cerro de la Silla, in Nuevo 
Leon, is also within this RU. Natural Monu- 
ments possess one or more clements of national 
significance. These elements may be sites or 
natural objects that have been placed under 
absolute protection because of their unique and 
exceptional makeup, aesthetic interest, and/or 


historical or scientific value. 
Eje Neovolvanico 


The Eje Neovolcanico RU covers portions 
of many States including Jalisco, Michoacan, 
Guanajuato, Queretaro, Hidalgo, Mexico, 
Guerrero, Puebla, Morelaos, Tlaxcala Veracruz, 
and Oaxaca. This RU is characterized by volca- 
nic cones severely dissected by ravines. The 
area also includes rounded hills, slopes, and 
plateaus. Vegetation communities include pine- 
oak forest, grassland, low tropical deciduous 
forest, crasicaule shrub, oak forest, juniper forest, 
pine forest, mesquite woodlands, and desert 
shrublands. 

Mexican spotted owls have been reported in 
Jalisco on the volcano of Cerro Nevado de 
Colima (Voacan de Nieve). Vegetation in this 
area consists of pine-oak forest. One Mexican 
spotted owl was collected near the city of 
Uruapan in the State of Michoacan at Cerro de 
Tancitaro. However, this area is now urbanized 
and no longer contains owl habitat. Although 
other states in this RU appear to contain suitable 
owl habitat, Jalisco is the only State known to 
have recent records of spotted owls. 

This unit is comprised of 88% private lands, 
5% Federal lands, and 7% ejidos (Table 11.B.2). 
This RU includes 19 National Parks, 1 Special 
Biosphere Reserve, and | Arca of Protection of 
Land and Aquatic Wildlife. 
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C. DEFINITIONS OF FOREST COVER TYPES 
James L. Dick, Jr., Joseph L. Ganey, and William H. Moir 


This Recovery Plan proposes specific 
guidelines for several forest cover types, includ- 
ing mixed-conifer, pine-oak, and riparian forests 
(111.B). This is based on: (1) considerable evi- 
dence that these cover types are of specific 
importance to the Mexican spotted owl in terms 
of providing habitat for nesting, roosting, and 
foraging activities (Ganey and Dick 1995); and 
(2) the Team's desire to target guidelines for the 
most appropriate habitats and avoid imposing 
restrictions where specific guidelines to protect 
spotted owl habitat are unwarranted. 

Numerous treatments deal with the concepts 
of classifying vegetation to cover or habitat types 
(e.g., Daubenmire 1952, 1968, Pfister 1989). 
These concepts will not be reviewed in any 
depth here. In general, we accept the view that 
the basic unit of classification of climax vegeta- 
tion is the plant association (Kichler 1964, 
Daubenmire 1968, Pfister 1989). These associa- 
tions are defined using information on preset. 
species composition and successional pathways. 
The problem with applying guidelines to plant 
associations is that many forests in the southwest 
may and should not be in or even near a climax 
condition because of the frequency and intensity 
of disturbance events in these forests. For ex- 
ample, in an analysis of Mexican spotted owl 
habitat on the Alpine Ranger District, Apache- 
Sitgreaves National Forest, the Team determined 
that habitat classifications based on current and 
climax vegetation gave very different results. 
Based on current vegetation, important roosting 
and nesting habitat typed out as mixed-coniter 
forest, whereas a classification based on potential 
natural vegetation (PNV) typed many of these 
areas as spruce-fir forest. This points out the 
need for clear, operational definitions of cover 
types to be used when applying guidelines under 
this Plan. 

In this section, we first review some of the 
relevant literature on forest cover types in the 
southwest, and then provide operational defini- 
tions and a simple key that should allow land 
managers to classify lands in a manner compat- 
ible with the recommendations provided in this 
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Plan. Our intent is not to provide a comprehen- 
sive classification scheme here or to supplant 
extant classification schemes. Rather, our intent 
is to provide guidance to land managers charged 
with applying Recovery Plan guidelines and to 
facilitate uniform application of guidelines across 


administrative boundarics. 


LITERATURE REVIEW 


Extensive literature exists on both vegetation 
classification in general and on classification 
systems for southwestern forests. Our intent is 
not to review that literature exhaustively, but to 
present an overview of some classification 
systems currently in use. This information will 
provide the background for discussion of forest 
type definitions relevant to this Plan. 

Soil temperature (STR) and moisture (SMR) 
regimes provide one possible approach to classi- 
fying forest types. STR and SMR may be used to 
conceptualize three major groups of cover types 
in the southwestern United States. Ponderosa 
pine forests typically occur where the STR is 
frigid or (in southern Arizona and southwestern 
New Mexico) mesic and where the SMR is ustic. 
Spruce-fir forests everywhere occur on soils of 
cryic SMR, whereas mixed-conifer forests are 
uniquely udic and frigid in their SMR and STR. 
respectively. The implication is that these soil 
parameters partition the soil environment into 
three mutually exclusive but all encompassing 
classes (USDA 1991). These classes are generally 
consistent with the chree major forest type 
groups mentioned. 

Most vegetation-classification schemes, 
however, are based on cither exisiting vegetation 
or on a combination of existing vegetation and 
knowledge of successional potential (Layser and 
Schubert 1979). Evre (1980) discussed the 
practice of defining forest cover types on the 
basis of “present ccocupancy of an area by tree 
species.” He further described the practice of 
naming forest types after the dominant tree 
species. Dominance was determined by relative 
proportions of basal area, and the type name was 








usually confined to one or two species. An added 
requirement was that a species must contribute 
at least 20% of the vota! basal area to be used in 
the type name. 

Numerous authors have expanded on this 
approach, and developed and refined classifica- 
tion systems for southwestern forests based not 
only on existing vegetation but also on estimated 
site potential. These treatments are discussed 
below. 


Ponderosa Pine 


The ponderosa pine forest type occurs in 
what Moir (1993) described as the Lower Mon- 


tane Coniferous Forest. Forests in this zone are 
dominated by pines, sometimes co-occurring 
with junipers and oaks. The cimmate is sometimes 
borderline for forests, with moisture becoming 
limiting in the upper portions of the soil profile 
during part of the long growing season. Moir 
(1993) included the following series in this 
general forest type: Ponderosa pine - Gambel 
oak, Ponderosa pine - silverleat oak, Ponderosa 
pine - pinyon pine - Gambel oak, Ponderosa 
pine - pinyon pine - gray oak, and Chihuahua 
pine. 

Layser and Schubert (1979) described the 
Ponderosa Pine Series as being generally domi- 
nated by the Rocky Mountain variety of ponde- 
rosa pine (var. «opulorum), except in southeast- 
ern Arizona, where Pinus ponderosa vat. arizonica 
dominates. This series occurs in areas that are 
generally too warm or too dry for Douglas-fir 
and/or true firs. Gambel oak is often a long-lived 
seral species. The Ponderosa Pine Series in the 
southwest is generally more complex than that 
described for the northern Rocky Mountains, 
because of the additional associated tree species 
and the presence of two varicties of ponderosa 
pine (Layser and Schubert 1979). Hanks et al. 
(1983), Alexander et al. (1984), Alexander and 
Ronco (1987), DeVelice et al. (1986), and 
Fitzhugh et al. (1987) provide further discussion 
of the Ponderosa Pine Series and associated 
habitat types and phases in the southwestern 
United States. 
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Mixed-conifer forests in the southwestern 
United States generally approximate to the 
Upper Montane Coniferous Forest discussed by 
Moir (1993). Mixed-conifer forests are most 
common between approximately 2.440 and 
3,050 m (8,000-10,000 feet) in clevation, but 
may occur higher or lower depending on topog- 
raphy and aspect. In particular, mixed-coniter 
forest may extend to lower clevations in canyon 
systems and cold-air drainages. 

Southwestern mixed-conifer forests are 
among the most complex forest types known, 
exhibiting great variation in tree composition 
(USDA 1983). Overstory species in these forests 
include Rocky Mountain Douglas-fir, white fir, 
Rocky Mountain ponderosa pine, quaking 
aspen, southwestern white pine, limber pine, 
and blue spruce. Forests in any successional stage 
may be mixed-conifer if tree regeneration indi- 
cates any of the above tree species will assume 
dominance in time. Some stands may consist of 
only two species, whereas others may contain as 
many as eight associates (USDA 1983). Gambel 
oak and/or silverieat oak may share overstory or 
understory dominance with the conifers in 
mixed-conifer forests. Again, one of the key 
attributes of southwestern mixed-conif ++ is its 
inherent variability and diversity. 

At the warm/dry end of the environmental 
continuum, mixed-conifer forest typically 
intergrades with ponderosa pine forest. Where 
Douglas-fir, white fir, or blue spruce, either 
singly or in combination, constitute less than 
5% cover or are considered “accidental” in late 
successional stands, these stands are not included 
in the mixed-conifer forest classification. 

At the cold/wet end of the environmental 
continuum, mixed-coniter forest typically 
intergrades with subalpine spruce-fir forest. 
Where corkbark fir (Abies lastocarpa vat. 
arizonica), subalpine fit (A. lastocarpa vat. 
lastocarpa), ot Englemann spruce, cither singly 
of in common, constitute more than 5% of the 
cover or are not considered “accidental,” the 
forest is subalpine and no longer considered 
mixed-coniter. 

In addition to this general description, 
numerous authors have discussed aspects of 








southwestern mixed-conifer forests or classifica- 
tion of southwestern forests. Pearson (1931) 
described a “Douglas-fir Zone.” He stated that 
although Douglas-fir is generally regarded as the 
characteristic tree of this type, it rarely occurs in 
pure stands. Instead, it commonly occurs in 
stands with wisite fir, limber or Mexican white 
pine, and bluc spruce. Western yellow pine (c.g. 
ponderosa pinc) is common in the lower portion 
of the type, and Engelmann spruce is common 
in the upper portion. Quaking aspen is common 


throughout the type. 
Choate (1966) also described Douglas-fir 


forests in New Mexico as seldom growing in 
pure stands. He also stated that it mixes with 
ponderosa pine at lower clevations and with truc 
firs and spruce at the upper limits. White fir and 


quaking aspen are common associates through- 


out the Douglas-fir type. 
USDA (1992) described old-growth at- 


tributes by cover types, including a “mixed- 
species group Forest Cover Type, which in- 
cluded the Douglas-fir, white fir, blue spruce, 
and limber pine forest cover types. They de- 
scribed these mixed-species stands as having a 
rich diversity of vegetation, typically including at 
least three tree species. 

Moir (1993) described mixed-conifer forests 
as upper montane coniferous forests featuring 
Douglas-fir, white fir, several tall pine species, 
blue spruce, and quaking aspen. He included the 
following series in this general forest type: Blue 
Spruce, White fir - Douglas-fir, Douglas-fir - 
Southwestern White Pine, White Fir - Douglas- 
fir - Ponderosa Pine, Douglas-fir - Limber Pine - 
Bristlecone Pine, Douglas-fir - Gambel Oak, and 
Douglas-fir - Silverleat Oak. These forests are 
very productive because of ample precipitation 
and soils that are well watered throughout the 
long growing season. 

Fletcher and Hollis (1994) described mixed 
conifer forest cover types as those dominated by 
Douglas-fir and/or white fir, usually containing 
varying amounts of ponderosa pine, southwest- 
ern white pine, and/or limber pine. Hardwood 
species, including rocky mountain maple (Acer 
glabrum), boxelder (A. megundo), bigs voth maple 
(A. gramdidentatum), Gambel oak, quaking 
aspen, and other hardwood species may also be 
present. Douglas-fir and/or white fir typically 
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comprise at least 40 percent and hardwood 
species less than 40 percent of the stand basal 
areca. Conifers typical of higher clevations, such 
as Engelmann spruce, blue spruce, and/or sub- 
alpine fir may occur as “accidentals,” or provide 
less than about 5% cover in late successional 
stands. 

Layser and Schubert (1979), Moir and 
Ludwig (1979), Alexander ct al. (1984a, b). 
Alexander and Ronco (1987), Youngblood and 
Mauk (1985), DeVelice et al. (1986), and 
Fitzhugh et al. (1987) all discussed classification 
of forest types in general or mixed-conifer forest 
types in particular in the southwestern United 
States. These treatments vary somewhat, possibly 
because of regional differences in forest types. A 
general consensus, however, indicates that 
mixed-conifer forest types generally fall in the 
following four series: Abies concolor, Prucdotsuga 
menziesit, Pinus flecilis, ot Picea pungens. 


Spruce-Fir 


Spruce-fir forests in the southwestern United 
States generally coincide with the Subalpine 
Coniferous Forest discussed by Moir (1993). 
These are high-clevation forests occurring on 
cold sites. They have short growing seasons, 
heavy snow accumulations, and strong ecological 
and floristic affinities to cold forests of higher 
latitudes. Dominant trees include Engelmann 
spruce, subalpine and/or corkbark fir, or some- 
times bristlecone pine. Moir and Ludwig (1979) 
included the Picea engelmannis and Abies 
lassocarpa Series in the general spruce-fir forest 
type. Moir (1993) included the following series 
in this general forest group: Bristlecone pine, 
Engelmann spruce - brisilecone pine, corkbark 
fir - Engelmann spruce, Corkbark fir - Engel- 
mann spruce - white fir, Engelmann spruce - 
Douglas-fir, and Engelmann spruce - limber 
pine. 


Other Forest Types of Interest 
Chihuahua Pine 


The Pinus lesoplylla Series is described by 
Layser and Schubert (1979). This series typically 











contains a diverse mixture of conifers and 
evergreen oaks. The conifer component is 
extensive enough to characterize this serics as 
forest rather than woodland. Dominant conifers 
are typically Chihuahua pine, Apache pinc, and 
P ponderosa vat. arizonica (Layset and Schubert 
1979). This series is Madrean in affinity and, 
within the U.S.., is restricted to central and 
southern Arizona and southwestern New Mexico 
(Brown ct al. 1980). Moir (1993) included this 
type in the Lower Montane Coniferous Forest 


group. 
Quaking Aspen 


Quaking aspen is a special feature of western 
landscapes. it is a major seral species in the 
following series; Abies lasocarpa, Picea pungens, 
and Abies concolor. \t is a minor seral species in 
the Picea engelmannii, Preudotsuga menziet, and 
Pinus ponderosa Series (Larson and Moir 1986). 
As such, quaking aspen should be a common 


component of these landscapes under natural 
disturbance regimes. 


Riparian Forests 


Numerous author: have discussed classifica- 
tion and ecology of riparian forests in the south- 
western United States (¢.g., Pase and Layser 
1977, Layser and Schubert 1979, Brown et al. 
1980, Medina 1986, Szaro 1989). In general, 
southwestern riparian forests are dominated by 
various species of broadleaved deciduous trees 
and shrubs. Trees common in adjacent uplands, 
such as conifers, oaks, and quaking aspen, may 
occur in association with riparian trees, but 
generally do not dominate the site (Brown 
1982). 


PLAN DEFINITIONS 


Our classification scheme is primarily 
concerned with a subset of the available forest 
types in the southwestern United States. We are 
interested in both potential and existing vegeta- 
tion. Consequently, our scheme is a hybrid of 
classification schemes based on potential vegeta- 
tion (series, association and habitat type) and 
forest cover types based on existing vegetation. 
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Three terms used in our definitions require 
clarification here. These are “pure,” “majority,” 
and “plurality.” Various definitions exist to 
describe what constitutes a pure stand. Daniel et 
al. (1979) described pure stands as those where 
>90% of the dominant or codominant trees are 
of a single species. A stand may have an under- 
story of other species without changing the pure 
designation. The key to this concept is the 
distinction between the dominant and codomi- 
nant species and the understory component. In 
contrast, Eyre (1980) defined a pure stand as one 
where >80% of the stocking is by one species. 

For purposes of this plan, we use the term 
pure to refer to any stand where a single species 
contributes >80% of the basal area of dominant 
and codominant trees. We use the term majority 
to refer to the situation where a single species 
contributes >50% of the basal area (Eyre 1980). 
We use the term plurality to refer to the situa- 
tion where a species (or group of species of 
interest) comprises the largest proportion of a 
mixed-species stand (Eyre 1980). 

With these definitions and concepts in 
mind, definitions for specific forest cover types 
are provided below. 


Ponderosa Pine Forest 


We define the Ponderosa Pine Forest Type 


as: 


1. Any forested stand of the Pinus ponderosa 
Series not included in the Pine-Oak 
Forest Type (see below), or; 


te 


Any stand that qualifies as pure (Eyre 


1980) ponderosa pine, regardless of the 
series or habitat type. 


Pine-oak Forest 


A number of habitat types exist in the 
southwestern United States that could be de- 
scribed as pine-oak. Most of the stands relevant 
to recovery of the Mexican spotted ow! fall 
within two series, the Pinus ponderosa Series and 
the Pinus leioplylla Series. Present evidence, 
however, suggests that the former series includes 


many areas that could never attain the type of 
forest structure sought by spotted owls for 
roosting and nesting. Therefore, in an attempt to 
avoid needlessly restricting management options 
on lands not used to any great extent by the 
spotted owl, we propose the following opera- 
tional definition for pine-oak forest under this 
Plan: 


1. Any stand within the Pinus leop/nlla 


tw 


Any stand within the Pima ponderosa 
Series that meets the following criteria 
simultancously: 


a) Habitat types that reflect Quercus 


gambelii or a Quercus gambelii phase 
of the habitat type. 


The stand is located in either the 
Upper Gila Mountains Recovery 
Unit, the Basin and Range- West 
Recovery Unit, or the Zuni Moun- 
tains or Mount Taylor regions of the 
Colorado Plateau Recovery Unit. 


b) 


©) »10% of the stand basal area or 
2.3 m’s/ha (10 f’/ac) of basal area 
consists of Gambel oak > 13 cm 
(5 in) diameter at root collar. 


3. Any stand within the Basin and Range- 
West Recovery Unit of any other series 
that meets the following criteria 
simultancously: 


a) A plurality (Eyre 1980) of the basal 
area exists in yellow pines (ponde- 
rosa, Arizona, Apache, or Chihua- 
hua). 

b) »10% of the stand basal area or 

2.3 osha (10 f'/ac) of basal area 

consists of any oaks > 14 cm (5 in) 

diameter at root collar. 
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Natural variability is high within this forest 
type and has been increased by both natural and 
human-caused disturbances. Despite this vari- 
ability, an extant classification scheme based on 
series and habitat types (Hanks et al. 1983, 
Layser and Schubert 1979, Alexander ct al. 1984 
a, b; Alexander and Ronco 1987, Youngblood 
and Mauk 1985, DeVelice et al. 1986, Fitzhugh 
et al. 1987) is available. This classification system 


is in widespread use and has multiple-agency 


support. Given that background, we propose 
using that system as a starting point in defining 


mixed-conifer forest, with some added refine- 
ments. Specifically, we propose that: 


1. The definition of mixed-conifer forest 
generally be confined to the following 
series (Layser and Schubert 1979) and 
associated habitat types (after authors 
listed above): Abies concolor, Preudotsuga 
menziesii, Pinus flexilis, ot Picea pungens. 


Within this framework, we provide the 
following exceptions to the general guideline 
listed above: 


1. Any stand within the Pinus aristata, 
Picea engelmannii, or Abies lasiocarpa 
Series not having a plurality (Eyre 1980) 
of basal area of any of Pinus aristata, 
Picea engelmannu, Abies lastocarpa, on 
Pinus ponderosa, singly ot in combina- 
tion, should also be defined as mixed- 


conifer. 


te 


Stands that can be described as “pure” for 
coniferous species other than Douglas- 
fir, white fir, southwestern white pine, 
limber pine, or blue spruce should be 
excluded from the broad category of 
mixed-conifer for the purposes of Plan 
implementation regardless of the series 
ot habitat type. By pure, we mean that 
one species comprises 80% or more of 
the dominant and codominant trees 
(Eyre 1980). 








Stands of mixed species with >50% of 
the basal area consisting of quaking 
aspen should be defined as quaking 
aspen for the purposes of Plan imple- 
mentation s of the series or 
habitat type. 


High-clevation Forests, 
Including Spruce-fir Forest 


We define this forest type as: 


Any stand of the Pinus arsstata, Picea 
engelmannii, ot Abies lasocarpa Series 
that meets the following criteria: 


a) The majority (Eyre 1980) of stand 
basal areca consists of any of the three 
species listed above, cither singly or 


in combination, or: 


b) Any stand that qualifies as a pure 
stand (Eyre 1980) of any of these 
species, regardless of the series of 
habitat type. 


Quaking Aspen 


We propose that any stands with > 50% of 


the basal area consisting of quaking aspen be 
defined as quaking aspen. 


KEY TO FOREST COVER TYPES 


Trees deciduous and proadleaved. often 
confined to floodplain, drainageway, or 
canvon bottom (Layser and Schubert 


1979) Riparian Forest 
Dominant trees evergreen and needle- 
leaved 2 
2. Series « /wedotsmga menziesii, Abies 


concolor, Pinus fleals, ot Pwea 
pungens 4 


, 
- 


Senes not as above 5 
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>80% of dominant and codominant 
trees are species other than Pieudotsuga 
menziesi1, Abies concolor, Pinus 
strobiformis, Pinus flecilis, ot Picea 
pungems........ Classify by dominant 


250% of stand basal area 
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8. Area is located within Upper Gila 
Mountains Recovery Unit, Basin and 
Range- West Recovery Unit, or the 
southeastern portion of the Colorado 
Plateau Recovery Unit (Zuni Mrns., 
Mt. Taylor)... 0... eee eee 9 


8. Area not located as abovwe.......... 


> 10% of stand basal area or 2.3 m’/ha 
(10 fr'/ac) consists of Quercus gambelii > 
13cm (5 on) diameter at root collar... . 


Pine-oak Forest 





1] 


10. Senes = Prew armeata, Picea 13 
engelimanni, ot Abies Lassecarpa 
1] 
13 
10. Series not as above 13 
Stand can be defined as pure for either 
Pinus aristata, Picea engelmannu, o1 Abies 
Lastocarpa Spruce-fir Forest 
Stand not as above 12 
12. Pinus aristata, Picea engelmannii, 
ot Abies lasiocarpa contribute >50% 15 
of stand basal area, cither singly or 
in combination Spruce-fir 
Forest 
12. Stand not as above 15 


Mixed~< onifer Forest 





as . : 
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Stand located in Basin and Rangc -West 
Recover i rit 14 
Stand not located as above Other 
14.A plurality of stand basal arca ss 

contributed by Pinus ponderosa 

Pinus engelmannu, ot Prnw 

leroplrylla cither singly orm 

combination 15 
14. Stand not as above Other 
>10% of stand basal area or 2.3 m‘s/ha 


(10t° ac) consists of any oak > 13 cm (5 


in) diameter at root collar 


Pine-oak Forest 


Other 


Stand not as above 
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D. CONCEPTUAL FRAMEWORK FOR RECOVERY 
Wilkam H. Meur, James L. Dick Jr, Wiliam M 
Block, James P. Ward jr. Robert Vahle, 
Frank P. Howe, and Joseph L. Ganey 


The goal of this Recovery Plan is to recover 
the Mexican spotted owl so that it no longer 
requires protection under the Endangered 
Species Act. We submat that this can be best 
achieved by ensuring a mosaic of all successional 
stages, now and in the future, throughout a 
landscape comprised of all known habitat types 
used by the owl. In mixed-co .ifer, pine-oak and 
riparian forests, this habitat mosaic must contain 
stands adequate for all life-history requirements, 
including nesting and roosting. 

We agree with the widely held belief that 
conditions within some southwestern forests 
deviate substantially from those existing prior to 
European settlement. Moreover, forests through- 
out the U.S. range of the owl are at high risk 
from fire, insects, and disease. The mechanisms 
responsible for current condition are not com- 
pletely known, but synergistic effects of past 
timber harvest, overgrazing, and fire suppression 
are plausible explanations. The intent of this 
Recovery Plan is not to cast blame on any 
particular aspect of past management, but to 
outline the appropriate steps needed to ensure 
persistence of the Mexican spotted owl. Thus, 
the basis to maintain owl populations is to 


ensure that adequate habitat quality and quantity 


will be sustained through time. These conditions 
also must be within the natural range of varia- 
tron. 

We recognize, however, that major know!- 
edge gaps preclude accurate descriptions of the 
natural range of variation and presettlement 
conditions. We cannot verify that fewer owls 
exist today than 100 years ago, or vice versa. We 
know little about habitat quality and how 
comtemporary landscapes and ecosystem condi- 
tions contribute to owl fitness and population 
persistence. Thus, management of the owl 
should proceed in an iterative fashion, We must 
use the best available knowledge to guide current 
management, recognizing that new information 
from research and monitoring is critical for the 


development of long-term management plans 
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This Recovery Plan details a short-term (10- 
15 years) strategy aimed at maintaining owl 
habitat where it cxists and initiating a process to 
develop a forested landscape that includes 
replacement habitat. We presently have insuffi- 
cient knowledge to design a strategy that will 
answer all long-term considerations, such as 
allocation of stand structures in space and time. 
Under proposed delisting criteria (IITA), the owl 
could be delisted within this 10-15 ye -s, render- 
ing this plan obsolete. 

To achieve the recovery - i 
Plan, management mur’ - 
tem procesers and landscape mosaics that bal- 
ance natura’ variability and secure the landscape 
against catastrophic habitat loss. Our recommen- 
dations assume that population status and 
habitat condition will be monitored in conjunc- 
tion with recovery efforts for the Mexican 
spotted owl (Part Il). The management recom- 
mendations are not meant to stand alone with- 
out such monitoring. 


ECOSYSTEM OR LANDSCAPE 
MANAGEMENT 


Volume 2 summarizes current knowledge of 
the Mexican spotted owl's basic natural and life 
histories, but a brief reiteration is appropriate 
here. First, the owl is found in a number of 
different habitat types ranging from slickrock 
canyons to cool, mesic forests. Second, the owl 
has relatively large home ranges, typically con- 
taining mosaics of vegetation types and different 
seral stages and conditions within those types. 
Third, the owl takes numerous species of prey 
and cach of these species has unique habitat 
requirements. These factors considered simulta: 
neously stress the need to consider management 
across spatial scales ranging from sites to land. 
scapes and to provide the diversity of conditions 
required for the owl's life history. Consequently, 
we submit that management for Mexican spot- 
ted owls must be viewed within the context of 
managing ccosystems 





How can ccosystem management be applied 
to the Mexican spotted owl? Ecosystem manage- 
natural processes and landscape mosaics that 
generate that diversity (cf, Jensen and 
Bourgeron 1993, Franklin 1993, 1994; Diaz 
and Apostol 1993, Kaufmann ct al. 1994, 
Williams 1994). The current emphasis in 
ccosystem management is to use the filter 
approach described by Hunter (1991). Two 
“sizes” of filters, coarse and fine, are used. 

The objective of the coarse filter approach is 
to maintain the natural array of conditions that 
exist within the biotic and physical limits of the 
landscape. This would include special as well as 
common habitats. Ideally, the array of condi- 
tions provided by using the coarse-filter ap- 
adapted to natural conditions (Hunter 1991). 
This should include most of the habitat condi- 
tions needed by the owl and its prey. 

In some cases, however, a fine filter may be 
required for specific habitats, or habitat cle- 
ments, that fall through the coarse filter. With 
respect to the Mexican spotted owl, the coarse 
filter is probably sufficient for most foraging 
habitats, but a fine filer may be needed to 
owl prefers or needs particular landforms (such 
as steep-walled canyons), particular structures 
(including snags, large trees, large logs, cavities 
and other platforms for nesting), mature forests, 
and specialized microhabitats. Thus, a fine-filter 
analysis is required to identify and ensure con- 
tinuing availability of the owl's specific habitat 
needs. 

In summary, the coarse filter approach is 
used to manage the overall landscape, and, if 
properly applied, should suffice to maintain the 
natural array of conditions on that landscape. 
The fine filter is used to provide specialized 
habitats or habitat clements within that overall 
landscape. 

Two themes of the recovery measures are 
consistent with these principles of ecosystem 
management. The first theme is that the general 
recommendations of this Recovery Plan provide 
conditions for the owl across the landscape. This 
landscape should provide nesting, roosting, 
foraging, and dispersal macrohabitats in the 
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The second theme acknowledges that ccosys- 
sions are needed to ensure owl habitat in the 
long term. As nest sites change and are aban- 
doned, new nest sites should develop and be- 
come occupied. Allocation of mid- to late-seral 
cies, in future decades requires knowledge of 
forest disturbances, risks, and rates of succession 
at different spatio-temporal scales. We outline 
below some disturbances, risks, and tools that 
should be considered in managing present and 
future owl habitat. 


Fire 


Fire is the most rapidly acting of natural 
disturbances. A crown fire can quickly consume 
forests across vast tracts. After a large crown fire, 
foraging are reduced or climinated. Small-scale 
natural fires and prescribed burns, however, can 
reduce fuel loadings and create small openings 
diversity and reduce the spread of catastrophic 
fire. Small-scale fires and lightning also create 
snags, canopy gaps, and large logs, plus they 


owl, its prey, and other wildlife. Under natural 
fire regimes prior to 1890 these small fires 
occurred frequently (Moody et al. 1992). 

The risk of catastrophic fires is widespread in 
Southwestern forests and woodlands (Moody et 
al 1992). Fuel accumulations and forests over- 
stocked with trees place spotted owl habitat at 
risk with respect vo stand-replacing fires. Figures 
11.1D.1-3 show the changing fire record from 
1910 to 1992, based on records compiled at the 
FS Southwestern Regional Office. Beause FS 
burn policies changed during this period and the 
use of prescribed natural fire increased, interpre- 
tation of these records is not straightforward. In 
general, however, the figures document an 
increase in both area burned per year and in area 
lost to catastrophic, stand-replacing fires. 

The number of total natural and human- 
caused fires generally declined after 1981 (Figure 











1L.D.1), but the number of lange fires (> 4 ha 
[>10 acres}) increased at the same time (Figure 
11L.D.2). Figure 11.D.3 shows the trend clearly; 
from 1985 to 1992 the number of hectares that 
burned increased. If the influence of two cxcep- 
tional fire years (1974 and 1979) is removed, the 
trend shown in Figure 11.D.3 remains; that is. 
the number of lange fires increased. 

Moody ct al. (1992) estimated that ab sat 
303,500 ha [750,000 acres) of mined-coniter 
forest within FS Region 3 needed treatment to 
reduce fire risk in the next 10 years. Unmanaged 
and unplanned conversion of large arcas of 
forests or woodlands to carly seral conditions by 
tain cxisting and to provide future spotted owl 
habitat (USDA 1994c). 

Characteristics of many nest and roost sites 
ot svotted owls place them at high fire risk. 
Sorac nest/roost locations at special topographic 
locations (such as steep-walled canyons or 
isolated places) may be fire refugia, however. 
ment tactic is to isolate nest/roost sites from the 
bility and fire spread in a buffer around the site. 
This raust be done, of course, without compro- 
mising the site itself as nest/roost habitat. 
occur in the future, and extreme fire years are 
possible (Swetnam and Betancourt 1990). Given 
the present conditions of Southwestern forests, 
extreme fire years could result in holocaustic fires 
throughout large portions of the owl's range. 
Because the resulting damage to owl habitat 
would be irreparable in the forseeable future, 
efforts to limit large-scale catastrophic fires are of 
utmost importance for ow! comservation 

Increased use of fire and other tools will be 
needed to reduce the amount of forest at high 
Team encourages proactive fire management 
programs which assume active roles in fucks 
management and understanding the ccologscal 
role of fire. An example of such a program is the 
one employed by the Gila National Forest. 

The Recovery Team recognizes that fire 
technology may not be at the level of sophistica- 
tion needed to maintain owl habitat and create 
new habitat. Although we advocate broadscale 
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use of fire in the Southwest, we also stress the 
nced to approach the usc of fire in an adaptive 
tain key structural features of owl and small prey 
habitats should be developed and tested. These 
features include large trees (which are often fire 
resistant), snags, blogs. and underuory hardwood 
trees. Treatments to produce or maintain cach 
habstat components must be assevsed by mons- 
tormg to evaluate of treatment objectives were 
met an both short and long terms. Wholesale use 
of fire without understanding or monsmormng sts 
efiects on habitat may render arcas unusable by 
owls, and may also miss opportunit.cs to mn- 
prove our knowledge of fire effects. Fire and 
wildlife personnel should work together to refine 
of wmportant habitat clements. 


Other Natural Disturbances 


numerous organisms active in decay and mutri- 
structural change caused by bacteria, fungi. 
insects, and vertebrates are natural agents of 
change im forest and woodland communities and 
accur at scales ranging from individual trees to 
lands apes. 

These disturbances contriber. to the forma- 
tion of complex landscape mosaics in which 
woodlands and forests consist of aggregates of 
transient ,otches and gaps. Added to this patchi- 
ness are, sanges of the structural cements of owl 
habitat caused by disturbances at scales larger 
extensive events will produce effects of magni- 
tudes that are poorly understood (Davis 1989). 
Although management scarcely influences the 
primary determinants of vegetation pattern 
(geology, climate, and genetics), management 
can affect vegetation by manipulating the extent, 
severity, and frequency of disturbance. 

Land managers should recognize that natural 
disturbances can create and maintain diverse and 
productive coosystems that alway include. 
somewhere on the landscape, an adequate 
armnownt and distribunion of the vegetative 
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Figure 11.D.2. Historical record of fires over four hectares in size. Shown are numbers of fires and 
area burned. Data from USFS Southwestern Region 
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Figure 1.D.3. bive-vear running averages of area burned. Data trom USFS Southwestern Regror 
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clements that are the required habitat tor the 
Mexican spotted owl. The word “adequate” is 
crucial. Adequacy is derived from publicly 
acceptable landscape descriptions (desired 
conditions), together with use of the best succes- 
sion, allocation, and landscape-dynamic models 
to guide managers in how to get there. Adequacy 
is tested by ongoing monitoring and adaptive 
management (II1.C) and should not be assumed 
in the absence of monitoring, 

Insects and microorganisms can be beneficial 
as well as destructive agents of plant succession 
(Dinoor and Eshed 1984, Knauer 1988, 
Dickman 1992, Haack and Byler 1993). These 
organisms may produce large-scale community 
changes after periods of climatic stress that 

predispose forests to msects or pathogenic 
occurrences (Colhoun 1979). Several groups of 
torest insects occasionally develop epidemic 
populations that severely damage mature forest 
trees over large areas. Among the detoliating 
msccts, the western sprece budworm kills un 
derstory white tir and L kouglas fit d thons 
now 4 overstory trees Archambauit et al 
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occur every decade or so and extend widely 
across the landscape. Perhaps as a response to fire 
exclusion policies, recent budworm outbreaks 
have tended to be regionally synchronous with 
the maturing of host species over large areas 
(Swetnam and Lynch 1993). As a complicating 
tactor, trees that suffer declining vigor from 
multiple years of defoliation by budworms may 
lose their resistance to more injurious wood. 
boring insects and ultimately dic. Bark beetles 
are important wood-boring insects in pinyon, 
ponderosa pine, Douglas-fir, and Englemann 
spruce. During outbreaks (about every 7 to 10 
vears), these insects kill groups ol mature trees 
In longer outbreaks (usually those following 
droughts), mortality groups coalesce and damage 
appears to be widespread. Bark beetle popula 
cons are most likely to increase where host trees 
are stressed as a result of sublethal fire damage, 
cwart mistletoe intection, or where abundant 
green slash ts available from thinning of 
1} ow ck mT 
i prin ipal forest pathoge ms are root 
sease tung: and dwart musthetoc. Arme/la 
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the Southwest. In a few locations it behaves as an 
aggressive killing agent (Marsden ct al. 1993), 
but in most stands it acts to remove trees weak- 
ened by lightning or insects. Other root diseases 
are caused by Hetcrobasidion annosum and 
Phellinus schwemutzu. 

The most common tree disease in South- 
western forests is caused by parasitic seed plants 
of the genus Arceuthobium, the dwart mustietocs. 
About one-half to two-thirds of the stands in 
these forests are infested by dwarf mistietoc. 
Infected trees become stunted, develop witches 
bruoms, and are eventually killed by this or 
other mortality agents. Both root disease and 
mistletoe typically occur as “centers” or “patches” 
and create slowly but continously expanding 
canopy gaps. These agents increase ecosystem 
diversity by producing snags, logs, and, in the 
case of mistletoe, witches brooms. They also act 
synergistically with forest insects. 

The relationship berween fire and dwarf 
mistletoe is complex. Brooms caused by dwart 
mistletoe provide fuel continuity from ground to 
tree crown. By maintaining seral trees in forest 
stands, fire increares the opportunity for mistle- 
toc infection because the seral trees are more 
commonly hosts than climax trees. Similar 
complex relationships exist between fire, bark 
beetles, and western spruce budworms. 

White pine blister rust is caused by an exotic 
fungus that was recently introduced into the 
Sacramento Mountains. It has the potential to 
kill most of the southwestern white pine in the 
mixed-conifer forests (Hawksworth axd Conklin 
1990) where the greatest concentration of 
Mexican spotted owls occurs. Although south- 
western white pine is seldom the most frequent 
tree species of a stand, it is an important seral, 
dominant, or codominant species in most areas. 
This tree produces large seeds and readily fills 
gaps opened by mortality of other trees to 
budworm, bark beetles, root disease, nd mistle- 
toc. Therefore, the short-term effects of white 
pine blister rust may be negative, since a strong 
reordering of forest tree composition may take 
place. A number of actions can be taken to 
“control” the rust and reduce its impacts, but 
they are expensive and their effectiveness and 
possible side effects are unknown. In the long 


term, a genetic balance between the rust and 
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white pines may occur, as it did with Pinus 
monticola in the northern Rockies (Ledig 1992). 

Various other arthropods and saprophytic 
funzi are also important agents of deterioration 
and decay of snags and logs. Although these 
agents generally do not kill urees directly, their 
activity (decay) can lead to stem breakage and 
tree death. They are thus important in determin- 
ing the condition and persistence of coarse 
woody debris within forest stands. 

The cumulative impacts of these disturbance 
agents on owl habitat depends on a number of 
factors, some of which are subject to manipula- 
tion. In general, these and other kinds of distur- 
bances affect forest nutrient and water cycles, 
solar penctration to the understory, and plant 
ard animal fceod webs. The response of under- 
story vegeta.:n, fungal-small mammal relation- 
ships (Maser et al. 1978), and owl prey to 
various disturbance factors can be positive or 
negative, depending on numerous site factors 
and the successional stage of the affected vegeta- 
tion. Because these processes are interactive and 
affect a number of vegetation attributes, simple 
assessvnents, are inadequate. Several vegetation 
management tools, including various kinds of 
silviculture, risk-abatement tor fire or insect/ 
disease damage, prescribed burning, and direct 
population control are appropriate in various 


combinations. 

These disturbance agents should be consid- 
ered in developing management strategies for 
owl recovery. Managers must recognize that the 
organisms discussed above and their effects are 
not necessarily or even primarily bad. Certain 
natural processes may interfere with short-term 
priorities of forest management; but the perpetu- 
ation of forest conditions that support those 
priorities may depend on natural processes 
continuing in the long term. Moreover, conflict- 
ing priorities, or even second- or third-level 
priorities may benefit from these organisms. 
Evaluations should be based on the role these 
organisms play in directing succession toward, or 
away from, desired future conditions at different 
spatiotemporal scales. 

Managers, in consultation with specialists, 
can use these organisms to strategic advantage in 
creating, enhancing, or maintaining habitats for 
owls (and associated biota) in accord with 








landscape goals. For example, dwarf mistletoe 
creates nest sites for owls in Douglas-fir. in some 
places, outbreaks of western spruce budworm 
climinate understory host trees, helping to 
reduce fucl ladders that carry fires into tree 
crowns. These bionic agents of mortality have 
thinning effects on tree overstories. Such thin- 
ning affects nutrient and hydrological cycles, 
understory vegetation, and availability of prey to 
owls. 

In summary, we encourage resource manag- 
ers to work with forest insect and disease special- 
ists to develop ecological assessments of these 
kinds of disturbances at various scales 
(Kaufmann ect al. 1994). Understanding the 
scientific basis of forest change and evolution is 
crucial to successtul management of forest 
ccosystems, and therefore to recevery of the 
spotted owl, 


Degradation of Riparian Forests 


Riparian forests may also function as impor- 
tant components of ecosystems supporting 
spotted owls. These communities, particularly 
mature, multi-lavered forests, could be impor- 
tant linkages between otherwise isolated sub- 
populations of spotted owls. They may serve as 
direct avenues of movement between mountain 
ranges of as stopover sites where drainages bisect 
large expanses of landscape that otherwise would 
be inhosprable to dispersing owls. Further, 
historical evidence exists that spotted owls once 
nested in such habitats. 

Many riparian ecosystems have deteriorated 
in the Southwest (Cooperrider 1991, Bock et al. 
1993, USDI 1994), and the loss of riparian 
habitat was one of the reasons for listing the owl 
(Part 1). Dick-Peddie (1993) estimated from 
map and air photo data that 96% of the Rio 
Grande riparian area in New Mexico has been 


lost to urbanization, agriculture, water impound- 


ments, and other modifications. Gallery forests 
that once extended into woodlands, grasslands, 
and deserts have significantly declined or dete- 
riorated, adversely affecting numerous wildlife 
populations (Minckley and Clark 1984, Skovlin 
1984, Minckley and Rinne 1985, Bock et al 
1993, USDI 1994). Efforts to improve riparian 
and watershed conditions (DeRano and Schmidt 
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1989a, 1989b) could facilitate movements of 
spotted owls between distant geographic loca- 
tions and perhaps even provide nesting habicat. 
A wide variety of other organisms would also 
benefit from healthier mparian systems. 


TIMBER HARVEST AND 
SILVICULTURAL PRACTICES 


Historically, the principal objectives of forest 
management were to derive economic gain and 
commodities from forests. Silviculture has great 
potential as a tool for mecting other objectives, 
however, such as maintaining and developing 
Mexican spotted ow! habitat, alleviating fire risk, 
minimizing impacts of insects and disease, and 
enhancing various ecological valucs. In this 
section, we review past uimber-harvest practices 
in the Southwest and contrast those practices 
with alternatives. Our focus is the potential 
effects of these practices on Mexican spotted 


owls. 


The primary factors leading to the listing of 
the Mexican spotted owl were adverse modifica- 
tion of its habitat as the result of even-aged 
management and plans to continue this harvest 
method as detailed in existing Forest Plans. 
Fletcher (1990) reported the loss of > 325,000 ha 
(800,000 acres) of spotted owl habitat within FS 
Region 3 as the result of human activities, 
primarily forest management. Silviculture 
emphasized even-aged systems which tended to 
simplify stand structure and harvest a dispropor- 
tionate share of large trees. The Team used past 
forest inventory data to evaluate the change in 
the size-class distribution of trees from the 1960s 
to the 1980s. The trend that emerged from our 
analysis was a substantial increase in the density 
of trees 12.7-32.8 cm (5-12.9 in) dbh, but a 
large decrease in numbers of trees >48.3 cm (19 
in) dbh (see below). As discussed by Ganey and 
Dick (1995), large trees are an important com- 
ponent of spotted owl habitat: thus, the 20% 


decrease in numbers of trees >48.3 om (19 in) 





dbh removed a key habitat component of the 
Mexican spotted owl. The simpliticanion of stand 
structure ts not so casily quantified. Given that 
mostly even-aged management was used. how- 
ever, the conclusion of stand simplification ts 
reasonabic 


Forest Plans 


Existing Forest Plans and their underlying 
standards and guidetines are tairly exphont with 
respect to the silvicultural practices to be used 
and the expected timber volumes to be extracted. 
These Forest Plans articulate classic even-aged 
management regimes with regeneration treat- 
ments occurring at 1 20-year intervals, intermedi- 
ate treatments employed to maintain open stand 
conditions, and disease-control treatments as 
conditions warrant. Uhus, management called 
tor fairly frequent entries into a stand. Further, 
this management system stressed simple stand 
structures, decreased residual densities, and 
climination of large, slow-growing, but high 
value trees (primarily ponderosa pine and Dou- 
glas-fir). Salvage. sanitation, fuel reductions, and 
fuelwood harvest as specified in Forest Plans 
combined to reduce numbers of snags, another 
correlate of spotted owl habitat. In summa y, 
even-aged management as specified in Sorest 
Plans is incompatible with maintaining and 
developing spotted owl habitat. The Team ts 
encouraged, however, by recent efforts by FS 
Region 3 to amend forest plans to incorporate 
the recommendations proposed in this Recovery 
Plan, and to emphasize uneven-aged manage- 
ment as the preferred silvicultural system in the 
Region 


Habitat Trends 


Historical and current trends in spotted ow! 
habitat are presently unknown. Numerous 
factors underlie this lack of knowledge, but the 
paucity of reliable vegetation data is the most 
glaring explanation. This lack of credible data 
has not precluded rampant speculation on 
habitat trend, however. In general, habitat trend 
is perceived in two divergent ways. One view ts 
that past camber harvest within the forest types 


used by Mexican spotted owls has caused a 
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dramatic decline in habitat quantity and quality 
Indeed, the conclusion of historical habitat loss 
coupled with projections for addmona! habitat 
loss were the primary factors for listing the 
subspecies (Part 1). The contrary view suggests 
that many years of fire exclusion within South- 
western forests has allowed mixed-coniter forest 
types to increase at the expense uf meadows and 
fire-disclimax species such as quaking aspen and 
ponderosa pine (USLA 1993b, Johnson 1994). 
Further, Southwestern ponderosa pine forests are 
known to be generally denser today than they 
were in pre-settlement times (Covington and 
Moore 1992, 1994a, b, c). Based on this intor- 
mation, USDA (1993b) concluded that habitat 
suitability for the Mexican spotted owl had 
increased. Because of these conflicting views, the 
eam attempted a quantitative evaluation of 
habitat trend with respect to the Mexican spot- 
ted owl. 


Data Availability.—Limited sources of data are 
available for assessing habitat trend. Within 
forested types, forest inventories from the 1960s 
(Choate 1966, Spencer 1966) and the 1980s 
(Conner et al. 1990, Van Hooser et al. 1993) 
have been compared by USDA (1993b) and 
Johnson (1994) and are used, in part, for our 
analyses. We admit, however, that differences in 
definitions and in how data were collected make 
comparisons between the 1960s and 1980s data 
tenuous, at best (Van Hooser et al. 1993). These 
differences include: (1) changes in definitions of 
vegetation types; (2) changes in the landbase 
being sampled, (c.g., changes in wilderness 
desiguation); and (4) changes in sampling 
intensity. 

The following comparisons are limited to 
commercial forest lands within the States of 
Arizona and New Mexico on a per hectare basis. 
Thus, all forest types are included but, unlike 
USDA (1993b) and Johnson (1994) we do not 
extrapolate che data to unsampled forested lands 
such as wilderness areas. | herefore, our analyses 
focus on changes on commercial forest lands 
where data exist. Because of differences in land 
designations (i.c., commercial timber land 
becoming wilderness between the two sampling 
periods), COMP ATISONS ot raw values are poten: 


tially misleading. Thus, our comparisons are 











primarily restricted to evaluations of propor- 
uions. To compare stand structure, we used 
relative frequencies of trees by size class. We 
reiterate that caution is warranted when inferring 


conclusions from these data, but submit that 
some gross generalizations are possible. 


Trends in Forest Landbase and Timber 
Volume.—T oral forested land increased trom 
4,516,000 to 4,750,000 ha (11,160,000 to 
11,738,000 acres) from the 1960s to the 1980s, 
roughly a 5% increase. The commercial forest 
landbase decreased by approximately 15% 
(624,000 ha [1,541,000 acres}), however, and 
reserved forested lands increased by 858,000 ha 
(2,119,000 acres). Growing stock (i.c., the 
harvestable volume) on commercial lands de- 
creased from 12,707 MMCF to 11,549 MMCF. 
This decrease is not surprising given the volume 
of timber harvested on commercial fores: lands 
and the decrease in the amount of commercial 
forest lands from the 1960s to the 1980s. 


Trends in Forest Types.—W thin the commer- 
cial landbase. mixed-conifer forests _ »mprised 
approximately 11% of total area in the 1960s 
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and 20% of the total area in the 1980s, 2 9% 
increase (Table 11.D.1). Possible explananons for 
this change include: (1) increasing invasion of 
mixed-conifer species (presumably Douglas-fir 
and white fir) into other types, such as mead- 
ows; (2) more liberal definitions of mixed- 
conifer (i.c., includes types previously classified 
as something clsc); (3) quaking aspen giving way 
to other species in the absence of fire; and (4) 
selective harvest of ponderosa pinc, leaving 
residual forests composed primarily of other 
conifer species. Any of these reasons may explain 
the perceived changes of forest type; probably all 
of these and other factors contributed to some 
degree. We speculate that classification changes 
account for most of the change, and that sclec- 
tive removal of ponderosa pine and the succes- 
sion of quaking aspen stands to mixed-conifer 
are also plausible short-term explanations. 
Conversely, we have difficulty accepting that 
encroachment of mixed-conifer species into 
other forested types was responsible for more 
than a relatively small portion of this change 
within the twenty-year period. Thus, any gener- 
alizations concerning changes in forest types and 
any actions proposed to reverse these trends 





Table 11.D.1. Changes in the area (ha X 1,000 [acres x 1,000) and distribution of forest types from 
the 1960s to 1980s on commercial forest lands within Arizona and New Mexico. Data from Choate 
(1966), Spencer (1966), Conner et al. (1990), Van Hooser et al. (1993). 





Landbase — Proportion of 


Landbase Proportion of Change in 





Forest Type in 1960s’ 1960s Landbase’ in 1980s" 1980s Landbase’ Proportion’ 
Ponderosa Pine 3,234 78 2,530 72 4 
[7,992] [6,252] 
Mixed-conifer 475 1] 709 20 9 
[1,173] {1,752] 
Spruce-fir 257 6 20) 6 0 
(635) (496) 
Quaking a per 180 4 8) 2 2 
[446] [201] 
Total 4,146 100 3,523 100 
(10,246) (8,701) 





’  Landbase in hectares [acres| covered by the forest type 
"Proportion of the total forested landbase belonging to the forest type 
(Prop. 1960s landscape)-(Prop. 1980s landscape) 
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Table 11.D.2. Changes in the density (urees/ha [urees/acre}) and distribunon of wee size classes from 
the 1960s to 1980s on commercial forest lands within Arizona and New Mexico. Data trom Chaarte 
(1966), Spencer (1966), Conner et al. (1990), Van Hooser et al. (1993) 








Tree Density Proportionof Density Proportionof Changein Density 
Size Class in 1960s" 1960s Total® im 1980s" 1980 Total® Proportion Change’ 
2.5-12.5 cm 146.2 62.5 14.2 $3.7 85 8.3 
'1.0-4.9 in) ($9.2) ($4.3) 

12.6-32.8 cm 70.3 w.0 98.5 4 94 40.2 
($.0-12.9 in} (28.5! 139.9) 

32.9-48.0 om 12.1 $.2 13.0 $.2 0.0 r Be 
13.0-189in} [4.9 5,3) 

>48 om 54 2.3 43 1.7 06 -20.4 
[>19 in| (2.2 [1.7] 





* Tree denety on no./ha |no./acre! 


” Proportion of the total number of trees within that size class 


(Prop. 1960s total)-(Prop. 1980s total) 
ey Prop. 1960s total)-|Prop. 1980s total) ) (Prop 1960s total) 





must acknowledge this uncertainty, and should 
consider all plausible explanations for these 
trends. 


Trends in Size-class Distributions. —We noted 
a change in the size-class distribution ot trees on 
commercial forest lands of Arizona and New 
Mexico (Table I1.D.2). Sapling-sized trees (2.5- 
12.5 cm [1-4.9 in} dbh) decreased in both 
absolute density and in relative contribution to 
the size-class distribution; trees 12.6-31 cm 
(5-12 in) dbh increased in density by 40% and 
in relative proportion of the size class distribu- 
tion by >9%,; and trees in the 31-48 cm (13-19 
in) size class increased in density but not in 
relative proportion of the tree distribution. 
Finally, the density of large trees (>48 cm [19 in} 
dbh) decreased from 2.3 to 1.7 trees/ha (0.9 to 
0.7 trees/ac), a 20% decline. This decrease in 
large trees would be expected given past timber 
harvest practices which emphasized harvest of 
the large trees. Possible explanations for the 
increase in smaller stems include the growth of 
regeneration, limited pre-commercial thinning, 
fire suppression, and the lack of interest by the 
forest industry in the smaller-sized stems. 


Summary of Recent Habitat Trends.—Out 


analyses indicate that between the 1960s and 


Ti 


(ys 


1980s (1) total forested acres increased, (2) 
mixed-conifer types apparently covered more of 
the landbase (but see above cautions regarding 
this conclusion), and (3) densities of large trees 
declined. Although the amount of total forested 
land has increased and the amount of mixed- 
conifer forest may have increased, we doubt that 
the amount of Mexican spotted owl habitat has 
increased concomitantly. Given the 20-yr period 
between inventories, most of these additional 
acres are likely in carly successional stages and 
unlikely to possess the habitat characteristics 
used by sported owls. Conversely, the 20% 
decrease in the density of large trees is an alarm- 
ing negative trend with respect to a very critical 
component of spotted owl habitat. 


Silvicultural Practices 
and Forest Management 


Four common forest structures occur natu- 
rally or by silvicultural efforts. These structures 


are even-aged, balanced uneven-aged, irregular 
uneven-aged, and even-aged/une’ ». -aged 
stratified mixtures. Even-aged sta:., for the 
most part, are characterized by most trees being 
approximately the same age. The general con- 
vention is that the spread of ages within the 


stand are within approximately 20% of the 








specified rotation age. Two types of uneven-aged 
stands are balanced and irregular stands. In both 


cases, at least three distinct age classes exist. A 
balanced uneven-aged stand equates to cach age 
class occupying roughly equal areas. Distribution 
by diameter class approximates a reverse, j- 
shaped curve. Irregular uwcven-aged stands have 
some age and associated diameter classes missing 
across the possible range of ages and diameters. 
A two-storied stand, one with two distinct age- 
class and diameter distributions, is neither even- 
or uneven-aged, but is intermediate between the 
two. Stratified mixtures occur where trees are 
essentially even-aged, but differences in growth 
rates and shade tolerance among tree species 
result in multiple canopy strata. This structure 
also occurs when selective regeneration of shade- 
tolerant species or high site productivity leads to 
heterogencous age and diameter distributions. 

In much of the mixed-conifer type in the South- 
west, the stratified-mixture of stand structure 
appears to be relevant to habitats used by spotted 
owls. 


Sitvicul 


Silviculture has been variously defined as (1) 
the art of producing and tending a forest, (2) the 
application of knowledge of silvics in the treat- 
ment of a forest, and (3) the theory and practice 
of controlling forest establishment, composition, 
structure and growth (Smith 1986). In a general 
sense, silviculture is the practice of managing 
forest establishment, composition, structure, and 
growth to meet stated objectives. Thus, silvicul- 
ture should be regarded as a system of treatments 
and not solely the practice of removing trees 
from a stand. 

In the Southwest, two broad classifications 
of silvicultural systems, based on methods of 
reproduction and resulting age-class mixes of 
forested stands, are even-aged and uneven-aged 
management. These are reviewed below; again, 
our focus is the potential these systems have for 
developing spotted owl habitat. 


Even-aged Management.—tven-aged manage- 
ment has been used commonly in Southwestern 
forests. Reasons for its popularity are based both 


on ecology and economics. Ecologically, even- 
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aged systems favor species with limited shade 
tolerance, such as quaking aspen, oaks, and 
lodgepole pine. Shade tolerance is the ability to 
reproduce and grow under the shade of larger, 
taller trees. Shade-tolerant species typically 
include truc firs in Southwestern forests. Ponde- 
rosa pine is considered to be of intermediate 
shade tolerance, but tending toward the intoler- 
ant side. Economically, even-aged management 
is more efficient when considering short-term 
costs of site utilization, sale preparation, trans- 
portation systems, harvesting, and slash reduc- 
tion. Further, even-aged systems are casict to 
model, administer, and track over time. 

Regeneration methods within even-aged 
systems of the Southwest include shelterwood, 
clearcutting, and seed tree method's. The 
shelterwood method typically has a series of 
cuttings. The first treatment in mature stands is 
to stimulate cone and seed production for 
regeneration. This is followed by a series of 
treatments that remove the larger, older stems as 
regeneration matures. Variations on the general 
method include irregular shelterwood and 
group-shelterwood. Clearcutting involves the 
removal of the entire stand in one cutting, 
Reproduction is obtained artificially by seeding 
or planting, or naturally by seeding from adja- 
cent stands. This method is appropriate for 
shade-intolerant species. In appearance, 
clearcutting is indistinguishable from the cop- 
pice-forest method of regeneration for quaking 
aspen, where reproduction is obtained trom 
suckering of sub-terrain clones. The seed-tree 
method resembles clearcutting except that a few 
trees are left to provide a source of seed within 
the treated area. Of these three, the shelterwood 
method is used most commonly in the South- 
west; clearcut and seed-tree methods are used 
infrequently. 

Variations of even-aged management are 
used throughout the Southwest, but all share the 
following characteristics. A predetermined time 
for regeneration of the stand is set a priorr; this 
regeneration time can vary. The FS Region 3 
generally schedules regeneration treatments from 
100 to 120 years of stand age, an age when trees 
are expected to reach 45.7 cm (18 in) dbh as the 
maximum size. The management objective is to 
maximize total volume over time while provid- 





ing a “saw-timber™ sized product. Residual stand 
density can be controlled by thinning at_theo- 
revically scheduled entries in the stand. This 
enables the capture of mortality on a semi- 
regular basis and provides intermediate revenues 
from timber harvest. 

Even-aged stand structures are not used to 
any great extent by the Mexican spotted owl. 
Further, with its intent to promote uniformity in 
tree age, size, spacing, and density, even-aged 
management generally would not be a preferred 
system for short-term development of spotted 
owl habitat. Even-aged management may be 
appropriate to maintain quaking aspen within 
the mixed-coniter type. however. Quaking aspen 
is typically even-aged im its carlicr stages of stand 
development. Because of its extreme shade 
intolerance and requirements for clevated soil 
temperatures for sprout:ng, quaking aspen 
should be managed under even-aged systems. 
Later seral stages of quaking aspen that include a 
mixed-conifer understory appear both as a 
simple mixture of an even-aged overstory and 
uneven-aged understory, or as a stratified mix- 
ture. As decadent quaking aspen stands are 
replaced by the shade-tolerant conifers, spotted 
owl nesting/roosting habitat begins to develop. 
In summary, even-aged management has limited 
potential with m ect to developing the types of 
stand structures used by spotted owls. Neverthe- 
less, even-aged management is a critical tool to 
meet specific objectives, and can meet certain 
ecosystem objectives if employed at the proper 
scale. Perhaps the primary objection to its use in 
the past was its uniform, widescale application 
across the Southwest. 


Uneven-aged Management. Uneven-aged 
management entails the removal of timber in all 
size classes on a periodic basis so that regenera- 
tion is continuously established over time, and 
stand size-class distribution is regulated. Un- 
even-aged management is loosely based on the 
premise that density control across a range of 
diameter classes will ensure growth of stems over 
time to a set maximum diameter, while ensuring 
regeneration of species at regular intervals over 
time. Only one reproduction method, the 
selection method, is used with uneven-aged 
management. The selection method provides 
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openings in the stand to cnable regencration to 
occur. Simultancous with the selection and 
harvest of trees to provide growing space for 
regeneration, trees across all diameter classes are 
thinned to ensure the desired distribution of 
size- and age-classes within the stand. 

Two variations of the selection method are 
individual tree selection and group selection. 
Individual tree sclecition, as the name implics, 
involves the removal of single, scattered trees. 
This method generally favors shade-tolerant 
species, but this is also a function of the residual 
stocking levels. Group selection entails the 
removal of a small patch of trees; the width of 
the patch is usually less than twice the height of 
the dominant (i.c., largest) tree. This is some- 
what analogous to a very small clearcut, but the 
difference between the group selection and the 
clearcut method is in the spatial scale of applica- 
tion. Group selection is used to create a balance 
of age- or size-classes in small contiguous groups 
resulting in a mosaic within a stand. In contrast, 
even-aged methods are typically applied to an 
entire stand. Group selection can be used to 
promote the establishment and growth of shade- 
intolerant trees since there is opportunity to 
reduce localized residual densities and the 
amount of area shaded. 

Group selection offers a number of advan- 
tages for the development of potential spotted 
habitat over single-tree selection techniques. 
Application of the group selection method could 
provide a mosaic of many small even-aged or 
two-storied groups across a forest stand. Regen- 
eration of shade-intolerant species is possible 
where a reproduction source, either clones or 
seeds, is present. With respect to insect and 
disease problems, management options increase 
for both suppression and prevention, especially 
in mixed-species stands. Edge effects found at 
group interfaces can provide structural features 
and openings that mimic gap-phase regenera- 
tion, and provide carly-seral vegetation for prey 
species (Ward and Block 1995). In some cases, 
group-selection methods may result in less 
residual damage to the stand as the result of 
logging activities than single-tree selection. 

Uneven-aged silvicultural practices predomi- 
nate on Tribal lands where commercial timber 


harvest exists. Reasons for the emphasis on this 











silvscultural system include aesthetics, providing 
forest cover over all lands simultancously, the 
percepuion that m provides a more cven-flow of 
products than cven-aged management, and the 
fact that it allows continuous regencration. 

We have not been able to assess the effects of 
spotted owl habitat because we were unable to 
acquire data for most arcas where uncven-aged 
management is practiced on a large scale. How- 
ever, based upon our understanding of the 
applicanion of uneven-aged systems, stand 
density is often kept at a fairly low level, seldom 
exceeding 18 m’/ha (80 fr’/acre) of basal area. 
These low residual stand densities allow for 
regeneration and growth of ponderosa pine. 
Uneven-aged systems, whether they retain 
individual trees or groups of trees, allow for the 
development of multiple canopy levels, a key 
component of Mexican spotted owl habitat. 
However, Gancy and Dick (1995) demonstrate 
clearly that owl habitat typically also includes 
significant numbers of large trees. These large 
trees may not be retained where uneven-aged 
management is applied in this fashion. 

In summary, uneven-aged management has 
some promise for providing stands exhibiting 
characteri-tics of spotted owl habitat. As cur- 
rently practiced, however, uneven-aged manage- 
ment results in large acreages ot low-density 
stands, numerous road openings, and the even- 
tual eradication of large diameter stems. Al- 
though neither the short- or the long-term 
effects of these applications on spotted owls are 
known, this type of application may not be the 
best option for producing spotted owl habitat. 


Development or maintenance of stratified 
mixtures.—Stratified mixtures can originate in 
various ways, including stand-replacing events 
(e.g., crown fire, even-aged management) that 
may or may not leave remnant stems. The 
establishment of stratified mixtures is not likely 
in mixed-conifer types within the short time 
frame (10-15 years) of this Recovery Plan. 
Maintenance of such stands could be considered 
in the short-term, however, and development of 
stratified mixtures could be incorporated in 
longer-term management plans. 
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Management for stratified mixtures must 
consider the mix of species along the continuum 
of shade tolerance. Thus, any regencration 
cfiorts should be desi zned to have cnough 
establishment and rekcase. Openings can be 
accomplished by grown sclection cuts favoring 
retention of shade-intolerant species, or selection 
of individual trees adj cent to stems that could 
provide a seed source for regeneration. Onc 
technique to consider is small-scale seed tree cuts 
(perhaps to be thought of as group seed-tree 
selection cuts), which would provide both a seed 
source and trees for ultimate snag development. 
This method could maintain shade-intolerant 
species, but would not be intrusive enough to 
produce even-aged structure throughout the 
stand. Within stratified mixture<. intermediate 
treatments including pre-com.ner <ial and 
commercial thinning could be beneficial in 
increasing the growth of residual trees. At some 
point, however, further treatments should be 
deferred, and natural stand maturation and 
succession should be allowed to proceed until 
cither (1) the stand is no longer spotted owl 
habitat; or (2) the stand can be replaced by 
habitat (preferably occupied by spotted owls) 


Conclusions 


Clearly, recent forest management practices 
and those detailed .» existing Forest Plans are 
not beneficial to texican spotted owls. Reliance 
on traditional forest management and silvicul- 
tural techniques may no longer be possible, not 
only with respect to the conservation of the 
Mexican spotted owl but also with respect to 
maintaining other ecosystem attributes. New 
approaches must be developed that ensure the 
long-term provision of owl habitat and the 
maintenance of ecosystem structure and func- 
tion. Traditional approaches will still have their 
role, but perhaps used in slightly different ways 
and with different intensities. Innovative applica- 
tions of uneven-aged management may be 
particularly useful in developing and maincain- 
ing spotted owl habitat. In addition, particular 
applications of uneven-aged management may 
be useful in maintaining habitat conditions for 








the owl where they exist. In some cases, the 
application of even-aged management systcms 
may also be appropriate, so future forest: man- 
agement should not preclude the use of even- 
aged management. 


GRAZING 


Grazing by livestock and wildlife (e.g.. clk. 
deer) occurs throughout the range of the Mexi- 
prazing has the potential to influence habitat 
predicting the magnitude of grazing effects on 
spotted owls and their habitat, and evaluating 
management options requires a better under- 
standing of the relanonship between spotted owl 
habitat and grazing. 

Specific studies that document the effects of 
livestock and wildlife grazing on spotted owl 
habitat have not been conducted. Until specific 
information is available, the potential effects on 
the owl of grazing and trampling of vegetation 
must be identified and considered to the extent 
not impact spotied owl roost and nest sites 
reducing, climinating, of suppressing regencra- 
tion. In time, reduced regeneration could limit 
the development of overstory structure needed 
for nesting, roosting, and other life history 
needs, as well 2s jeopardize the sustainability of 
these habitat types. 

Grazing can alter a plant community di- 
rectly, indirectly, or both. Direct alterations may 
be as obvious as plant removal by consumption 
ot as subtle as removal by trampling. Indirect 
alterations may be as straightforward as lows of 
seed source or as insidious as damaged soil 
(Dwyer et al. 1984, Kauffman and Krueger 
1984, Fleischner 1994). Moderate to heavy 
grazing can reduce plant density, cover, biomass, 
vigor, and regeneration ability. Collectively, these 
factors can alter the relative composition and 
structure of grass, forb, shrub, and ree compo- 
nents in an area (Hanley and Page 1982, 
Zimmerman and Neverschwander 1984, Schulz 
and Leininger 1990, Milchunas and Lauenroth 
1993). Within conifer forests, grazing can 
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remove or greatly reduce grasses and forbs. 
thereby allowing large numbers of conifer 
seedlings to become established because of 
im light ground fucls (i.c., grasses and forbs) may 


This dense overstocking can alter forest structure 
and composition and degrade spotted owl and 
replacing fires. 

Beyond the efforts of grazing on plonts, 
livestock activity ca» increase duff layers, acocler- 
compacted soils, damage strearm banks and 
channels, and damage lake shores (Kennedy 
1977, Blackburn 1984, Kauffman and Krueger 
1984, Skovlin 1984, Clary and Webster 1989). 
The combination of these changes to the biotic 
munity composition, structure, and vigor. If 
such changes occur in or near arcas used by 
spotted owls, then grazing can influence the owl. 
Those influences can be manifested by altering 
(1) prey availability, (2) susceptibility of spotted 
owl habitat to fire, (3) the health and condition 
of riparian communities; and (4) development of 
habitat. We summarize below the major sus- 
pected influences of grazing on Mexican spotted 
owls. 


1. For the Mexican spotted owl, prey 
availability is determined by the distribu- 
tion, abundance, and diversity of prey 
and by the owl's ability to capture it. 
Grazing may influence prey availability 
in dissimilar ways. For example, grazing 
that reduces dense grass cover can create 
favorable habitat conditions for deer 
mice while creating unfavorable condi- 
tions for voles, meadow jumping mice, 
and shrews (Medin and Clary 1990, 
Schultz and Leininger 1991). This 
change might decrease prey diversity 
(Medin and Clary 1990, Hobbs and 
Huenneke 1992). A diverse prey base can 
provide a more predictable food resource 
tor the owls over time, because popula- 











nons of many small mammals fluctuate 
removal of grass and shrub cover may 
improve condinons for the owl to detect 
and capture prey. Long-term loss of 
grasses, forbs, and shrubs may promote 
tree growth and cover that could decreas 
coological tradeoffs. 


and small trees can decrease the potential 
(Zimmerman and Neuenschwander 


1984). Low-intensity ground fires 
prevent fucl accumulation, stimulate 


nutrient cycling, promote grasses and 
forbs, discourage shrubs and trees, and 
perpetuate the patchiness that supports 
Give reduces or climinanes foraging, 
wintering, dispersal, roosting, and 
nesting habitat components. 


te 


3. Excessive grazing in riparian areas can 
reduce or eliminate important shrub, 
tree, forb, and grass cover, all of which in 
some capacity support the owl or its 
prey. Excessive grazing can also physically 
damage stream channels and banks 
(Ames 1977, Kennedy 1977, Kauffman 
et al. 1983, Blackburn 1984, Slovkin 
1984, Clary and Webster 1989, Platts 
1990.) Deterioration of riparian vegeta- 
tion structure can allow channel widen- 
ing. This event, in turn, clevates water 
and soil temperatures and thus evapora- 
tion and lowering of water tables, plus it 
significantly increases the potential for 
accelerated flood damage (Platts 1990). 
These + reses alter the microclimate 
and veg..ative development of riparian 
areas, potentially impairing its use by 
spotted owls. 


4. Excessive grazing, sustained for long 
periods, c. inbibit or retard an area’s 
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ability to produce of eventually mature 
imto habitat for the owl or its prey. This 
will probably prove to be an inevitable 


consequence of the events and processes 
described abowe. 


The potential for grazing to influence 
vanous components of spotted owl habsrat 
cannot be ignored. However, current predictions 
of graring cfiects on plant communities as they 
relate to the owl are inexact. Thus, the imecgra- 
tion of spotted owl needs and grazing manage- 
ment will require coordination, and an interac: 


sectiy desoeahs cheered habteee coued ty em 
pling of vegetation, soil damage, or both. Devel- 
oping new recreation facilities or expanding 


existing facilities, such as campgrounds and 
trails, may alter spotted ow! habitat and habitat 


Hf a given vecsentional activity does not couse 
habitat alteration, the Team assumes that that 
potential with respect to spotted owls. However, 
exceptions may exist in local situations of certain 
RUs where the level of recreational activities is 
high. Essentially, the determining factor of an 
activity ’s impact on spotted owls is a combina- 
tion of its location, intensity, frequency, and 
duration rather than simply its character. 


Types of Recreation 


Recreational activities fall into several catego- 
ries; the number, size, and intensity of such 
activities will vary with location. The following 
general categories include most widespread 
recreational activities that might affect spotted 
owls and their habitat. 








Camping 


Although the effects of camping on spotted 
owls have not been studied, disruption of nest- 
ing, roosting, and foraging activitics is a distinct 
possibility. The character of camping varies 
dramatically, however. Onc person may camp 
alone in a small tent. whereas others may camp 
in groups with motorhomes. The disparity ir 
character docs not necessarily translate to distur- 


bance potential, however. One person camping 
in a nest grove could be more disruptive than 12 


people camping in a foraging arca. Therefore, 
blanket generalizations about the impacts of 
camping activities are inappropriate. These 
activities should be assessed on a case-by-case 
basis, considering factors such as the location of 
the activity relative to the owls, the number of 
individuals involved, the type of group involved. 
and the frequency and duration of the activity. 


Hiking 


Hiking is typically a short-term activity, and 
may bring a person into and out of an owl's 
presence relatively quickly. Most spotted owls 
appear to be relatively undisturbed by small 
groups (<12 people) passing nearby. | arger 
groups are probably more disruptive, but the 
more serious threat of disturbance probably 
arises where there is steady hiking traffic. Popular 
trails through spotted owl habitat may attract 
enough hikers to disturb owls. Certain kinds of 
hiking activities may degrade portions of spotted 
owl habitat, disrupt crucial behaviors, imcrease 
susceptibility of owls to predation, or cause 
abandonment of a nest area or key roost grove. 
The potential for hikers to disturb owls ts 
probably greatest where hiking is concentrated in 
narrow canyon bottoms occupied by nesting or 
roosting owls. Again, we argue that blanket 
statements about the effects of hikers on owls are 
inappropriate, and recommend evaluation on a 
case-by-case basis as described above. 


Off-road Vehicles 
Both motorized and nonmotorized vehicles 


may degrade ot destroy spotted owl habitat, 
particularly meadow and shrub habitats vital to 
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the owl's prey. Notse produced t- vchickes and 
the vehicle nders may disturb spotted owls at 
important nesting und roosting sitcs. 


In some portions of its range, the sported 
owl nests and roosts in shallow recesses and caves 


associated with canyon walls and cliffs. Rock- 
Climbing activinic. in the vicinity of cliff-dwell- 
ing spotted owls could disturb the owls, particu- 
larly during the meeting scason. This problem 
could be partially alleviated by invoking scasonal 
closures in areas of conflict. Again, case-by-case 
evaluations of actrvities and their potential for 


Wildlife Viewing and Photographing 


actively seck spocted owls, their encounters may 
be more disruptive than the accidental encoun- 
ters associated with other recreational activities. 
Such recreationssts often make repeated visits 
employ hooting or mousing techniques to attract 
the owls, and these behaviors, practiced to 
excess, may disrupt owls territorial, mating, and 
Nesting activities. 


Recreation S: mmary 


Incident ai encounters between spotted owls 
and people pursuing some recreational activity 
are relatively insignificant in most cases. In other 
cases, there may be significant effects. These are 
relatively uncommon, and are typically localized. 
Consequeni ly, these situations will usually 
impact one oF at most a few pairs of owls, and 
are not likely to impact large portions of the owl 
population. We believe that these situations are 
best evaluated on a case-by-case basis. 

In a broader sense, the construction of 
recreation facilities, the loss of habitat to make 
room for recreation facilities, the collective effect 
of recreation traffic, and the compounding 
effects of recreation in concert with other site- 
specitic disturbance factors make recreation 
management an important consideration for 
del’ sting. 











SUMMARY 


Part 111 of this Recowery Plan outlines 
management guidelines to alleviate threats to the 
spotted owl. These recommendations arc based 
largely upon the Team's cvaluation of the biology 
of the owl as detailed in Volurnc II. From these 
analyses, the Team has drawn the following 
conclusions. 

Mexican spotted owls generally occupy 
remnants of the landscape that have experienced 
minimal human disturbance. We acknowledge 
that cxceptions to this generalization occut. 
These remnants include inaccessible canyons, 
not heavily modified by humans. Persistence of 
owls depends partly on these remnant patches. 
but these environments alome may be insuffi- 
cient to ensure long-term conservation of the 
Mexican spotted owl, A key poim here is that 
not all human activies are detrimental to spotted 
owls. In tact, if directed appropriately, some 
human activities can be used to the owl's benefit. 


Consequently, management must focus on 
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crcatemg mew habitat to replace remnants that 


become mo longer appropriate for the owl, 
Crcanon of replacement habitat hinges on 


understanding paticrns of natural varianon and 
modifying human actrvetics that might conflict 


with the development of habwat. Natural varia- 
thon across the results from umiguc 
biophysical conditions at cach location on the 
land. Further, effects of human activities arc 
equally wariable across the landscape. Although 
we cannot ascribe strict cause-cftect relsnion..._ps 
of natural processes and human activitic. on 
Mexican spotted owls, we can draw certain 
inferences about thei probable impacts. The 
proteus suction Coasting Che concepees Same 
the rationale for those inferences. Thus, the 
management recommendations (Part II]) were 
based on two interrelated scts of information: (1) 
basic knowledge of Mexican spotted biology: 
and (2) understanding how various natural 
spotted owl habitat. 
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Mexican Spotted Owl Recovery Plan 


A. DELISTING 


Removing a species or subspecies from 
threatened status becomes a primary manage- 
ment objective the moment listing is finalized. 
Listing a species as threatened affords more 
protection to the species than it would normally 
receive through other laws governing wildlife. 
Specifically, “threatened” status implies that 
human activities and/or naturai disturbances 
pose greater than normal risks to the entire 
species or subspecies rather than just to individu- 
als. Greater protection can manifest itself as 
more explicit and careful regulation of human 
activities. In some measure, a Recovery Plan 
reconciles human needs and desires with the 
survival needs of the threatened species or 
subspecies. If successful, the reconciliation 
process leads to an arrangement to accommodate 
both people and ihe threatened species. Ulti- 
mately. careful regulation of human activities 
combines with careful management of natural 
resources to allow removing the species from 
threatened status, or “delisting.” Just as listing a 
species requires a process of information gather- 
ing and assess.nent, delisting requires a similar 
process. 


THE DELISTING PROCESS 


Section 4 of the Act governs the listing, 
delisting, and reciassification of species, the 
designation of critical habitat, and recovery 
planning. Regulations implementing listing, 
delisting, reclassification, and critical habitat 
designation are codified at 50 CFR 424. 

The process of delisting a species or subspe- 
cies is essentially the same as that of listing: a 
proposed rule describing the justification for the 
action is published in the Federal Register, a 
public comment period is opened, including 
public hearings if requested; and, within one 
year of the proposal, either a final rule delisting 
the species or a notice withdrawing the proposed 
rule is published in the Federal Register. 

In considering whether to delist a species, 
the same five factors considered in the listing 
process (see Part I) are evaluated. While empha- 
sis may be given to those factors leading to the 
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species listing, ail of the factors must be evalu- 
ated in making a delisting determination. 

Section 4(c)(2) of the Act directs the FWS to 
conduct, at least once every five years, a review 
of all listed species and determine for each 
species whether it should be removed from the 
list, reclassified from endangered to threatened, 
threatened to endangered, or remain in its 
current status. This Recovery Plan lists criteria 
only for delisting the Mexican spotted owl. Any 
decision to reclassify the subspecies to endan- 
gered status will be made by the FWS either as a 
result of the aforementioned mandatory review 
or at any other time information becomes 
available indicating that reclassification is appro- 
priate. 

Section 4(g) of the Act directs the FWS to 
implement a system in cooperation with the 
States to monitor effectively for not less than five 
years the status of a species or subspecies that has 
been delisted due to recovery. The provisions of 
the Act do not apply to the delisted species 
during this monitoring period. However, the 
FWS could relist a species, through the standard 
listing process, should monitoring indicate that 
the species will decline without the Act's protec- 


tion. 


DELISTING CRITERIA 


We recognize that we lack data and authority 
to prescribe and implement monitoring strate- 
gies for Mexico. Thus, our recommendations 
below apply only to the U.S. range of the 
Mexican spotted owl. We recommend that 
Mexican authorities develop similar delisting 
criteria and monitoring schemes for delisting in 
Mexico. 

Five specific criteria must be met before the 
Mexican spotted owl can be delisted in the U.S. 
The first three crit ‘ria, which operate at a 
multiple-RU level, must be satisfied before the 
last two criteria, which operate at the RU level, 
apply. These are the three overriding criteria: 


i. The populations in the Upper Gila 
Mountains, Basin and Range - East, and 








Basin and Range - West RUs must be 
shown to be stable or increasing after 10 
years of monitoring, using a study design 
with a power of 90% to detect a 20% 


decline with a Type I error rate (@) of 
0.05. 


te 


Scientifically-valid habitat monitoring 
protocols are designed and implemented 
to verify that (a) gross changes in 
macrohabitat quantity across the U.S. 
range of the Mexican spotted owl are 
stable or increasing, and (b) microhabitat 
modifications and trajectories within 
treated stands meet the intent of the 


Recovery Plan. 


3. A long-term, U.S.-rangewide manage- 
ment plan is in place to ensure appropri- 
ate management of the subspecies and 
adequate regulation of human activity 
over time. 


Once these three criteria are satisfactorily 
achieved, delisting may occur in any U.S. RU 
that meets the final two criteria: 


4. Threats to the Mexican spotted owl 
within the RU are sufficiently moderated 
and/or regulated. 


5. Habitat of a quality to sustain persistent 
Mexican spotted owl populations is 
stable or increasing within the RU. 


These criteria are, by design, redundant and 
dependent. Meeting one criterion, co some 
degree, requires meeting all or some portion of 
the other criteria. Integrating the criteria is 
unavoidable but nevertheless desirable. Progress 
on one translates to progress on all. 


Monitoring Population Trends 


For a statistically valid monitoring design, we 
suggest the quadrat sampling scheme described 
in IIL.C. The three RUs where population 
monitoring is required for delisting represent the 
bulk of the known Mexican spotted owl popula- 
tion in the U.S. No population delisting criteria 
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are applied to the remaining U.S. RUs because 
they would be difficult to monitor because of 
the small, fragmented nature of the populations. 

A premise tor our population monitoring 
approach is that the existing Mexican spotted owl 
population in the U.S. is adequate. This premise 
will be tested by monitoring population trends. 
If the results of monitoring indicate that the 
U.S. population is stable or increasing over the 
next 10 to 15 years (assuming 10 years prior to 
delisting followed by the required 5 years after 
delisting), the Team is willing to accept that the 
current population will remain viable in the 
foreseeable future and to assume that the popula- 
tion is recovered. That is, the Team believes that 
if the current population is able to maintain 
itself, or to increase, then the population has 
exhibited evidence that it is of ample size to 
persist. 

Our basis for the parameters included in the 
delisting criteria are as follows. The annual rate 
of change of the population within a RU can be 
estimated as A= N_/N . A population is stable if 
A = 1, decreasing if A < 1, and increasing if 
A > 1. A 20% reduction over a 10-year period 
implies a value of A = 0.978; ie., A"® = 0.80. 

To conclude that a population is stable, we 
fail to reject the null hypothesis that A = 1, or 
alternatively, that the 95% confidence interval 
on A includes 1. If we fail to reject this null 
hypothesis, we want to ensure that the possible 
rate of decline is very small. Thus, we suggest a 
Type II error rate of 0.10, and for a 15-year 
period, the annual estimate of A is 
0.98523 = 0.8". 

For this statistical test of trend, continued 
persistence of the Mexican spotted owl popula- 
tion means the Type II error rate is more impor- 
tant than the Type I error rate. That is, a Type I 
error means that we mistakenly conclude that 
the population is declining when it is not. 
Although costly measures might be taken to 
reverse our incorrect perception of the trend in 
the owl population, the persistence of the 
population is not threatened. In contrast, a Type 
Il error means that we conclude the population 
is stable or increasing when it is really declining. 
Thus, persistence of the population could be in 
jeopardy because measures would not be taken to 
correct the decline. Therefore, we emphasize 





that a low Type II error rate of B = 0.10 (power 
is 1 - B = 0.90) must be met to delist the species. 

Several biological reasons lead us to select a 
time span of 10-15 years for monitoring. The 
mean life span (MLS) of Mexican spotted owls 
that reach adulthood falls within this range. 
MLS is calculated as 1/(-log(S)). with S repre- 
senting the adult survival rate. Using S = 0.8889 
(SE = 0.0269), survival rates calculated from the 
demographic study areas, the MLS is about 8.5 
years. Calculating confidence intervals for MLS 
yields 16.6 years as an upper age limit. Popula- 
tion turnover rates provide another biological 
argument for the time span (x) required for 
delisting. For example, we can estimate the time 
that it takes 90% of the youngest members of 
the adult population to completely turn over, or 
for 90% of the existing young adult birds to die. 
Given the adult S of 0.8889, solving for x in 
0.8889" = 1 - 0.90 gives x = 19.6 years for 90% 
of a given cohort of young birds to turnover. A 
50% turnover would be 5.9 years, which would 
correspond to the median life span. For x equals 
10 years, 70% of the young adult population 
will have turned over. 

The time duration for the monitoring and 
magnitude of change required to detect a popu- 
lation decline are related. Thomas (1990) argued 
that the minimum viable population size de- 
pended on the temporal variation expected in a 
population. Species with much temporal varia- 
tion in their population size might normally 
exhibit a 20% decline over a short period. We do 
not expect Mexican spotted owl populations to 
display much temporal variation. The most 
variable aspect of their population biology is 
probably recruitment, and years of little or no 
recruitment may occur. However, because of the 
high adult survival rate, the decline in the 
population during a year of no recruitment 
would still only be 11%. Thus, two consecutive 
years of no recruitment would result in a 21% 
decline. But the fecundity estimates presented by 
White et al. (1995) suggest that no recruitment 
is unlikely. Thus, we conclude that a 20% 
decline over a 10-year period indicates the 
population is truly declining and is not the result 
of normal temporal variation. 

The choice of a Type II error rate of 0.10 is 
somewhat arbitrary. However, this value interacts 
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with the choice of a 20% decline over the 10- 
year period. Figure II].A.1 depicts a hypothetical 
curve for power as a function of the size of the 
effect being detected (labeled Detectable Effect 
Size in the graph). We could specify that a 15% 
change is detectable with a 67% power, or that a 
25% change is detectable with a 94% power. 
These statements are all equivalent in terms of 
the effort required for the monitoring protocol 
(as shown by the graph). This is because the 
relationship between the detectable difference 
and the power to detect this difference is fixed 
by the monitoring effort (normally considered as 
the sample size of the statistical procedure). 
Thus, we have suggested that a 90% powe: to 
detect a 20% decline over 10 years is a reason- 
able point to fix the function that relates power 
and magnitude of the detectable effect. 

In summary, we believe 10 years is a reason- 
able time span for monitoring because more 
than half of the adult population has turned 
over. Further, we expect that the population 
would have been subjected to adequate environ- 
mental variation during this 10-year period. 
Once the species is delisted, the additional five 
years of monitoring as required under the Act 
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Figure II1.A.1. Hypothetical curve of the 
statistical power to detect a trend in a popula- 
tion. 








should provide further assurance that the popu- 
lation is not declining. 

We beiieve that the delisting criterion 
proposed here provides positive incentives to 
land-management organizations to vigorously 
pursue the proposed population monitoring 
system. Delisting of the species depends on 
providing clearly specified evidence that the 
population is stable or increasing. The sooner 
the responsible land-management organizations 
begin the population monitoring, the sooner the 


owl can be delisted. 


Other Considerations of Population 
Monitoring 


The proposed procedure for population 
monitoring only monitors the territorial popula- 
tion of owls. Because nonterritorial owls (“float- 
ers’) do not respond to the usual methods of 
locating them (i.c., calling), the only method of 
monitoring nonterritorial birds is via radio- 
tracking. However, radio-tracking nonterritorial 
birds would require large samples of juveniles to 
be marked with radios, and these radios replaced 
on the birds as necessary to maintain the batter- 
ies as long as the individual remained in the 
nonterritorial population. Placing radios on 
spotted owls may alter their behavior and/or 
survival (Paton et ai. 1991, Foster et al. 1992), 
making such an approach of questionable value. 
Thus, the Team concludes that no viable method 
of monitoring nonterritorial birds is available. 

An alternative approach to monitoring 
populations was considered, that of using demo- 
graphic study areas. We decided against using 
demographic studies for three reasons. 

First, demographic study areas suffer from a 
deficiency that is not inherent in the quadrat 
place procedure described in III.C. Demo- 
graphic study areas are chosen at the beginning 
of the monitoring period and must remain in 
place to provide appropriate data to meet their 
objectives. Because these study areas must be 
permanently delimited, management practices 
on them may not reflect those occurring on 
other lands. In contrast, quadrats can be ran- 
domly replaced in the sample to ensure that 
habitat changes and management practices 


Volume I/Part Ill 


4> 79 


Mexican Spotted Owl Recovery Plan 


adequately reflect those occurring on lands 
outside of the quadrats. 

Second, the cost of demographic study areas 
probably exceeds the cost of our proposed 
quadrat monitoring approach. The cost of 
conducting five demographic studies for the 
California spotted owl is roughly equivalent to 
the estimated cost of quadrat monitoring (J. 
Verner, FS, PSW, Fresno, pers. comm). More 
than five demographic study areas would be 
needed for a valid population monitoring 
scheme, thus putting the cost of demographic 
study areas well above the costs of the proposed 
quadrat sampling procedure. 

Finally, the two existing demographic study 
areas were not randomly selected from all pos- 
sible demographic areas (thus not providing a 
defendable sample). Thus, results from the 
existing demography studies apply only to the 
place where these studies were done. Further, 
even if a demographic study approach was used, 
these existing study areas may not be included in 
the random sample needed for a statistically- 
defensible monitoring scheme. 

The problems outlined above with respect to 
using demographic studies for monitoring do 
not negate the usefulness of such studies. Demo- 
graphic studies were designed to understand 
aspects of spotted owl population biology and 
provide a wealth of information on populations, 
habitat characteristics, and parameters of owl 
fitness. They were not designed to monitor 
large-scale population trends. 


Monitoring Habitat Trends 


Ganey and Dick (1995) demonstrate that 
the Mexican spotted owl uses specific habitat 
characteristics. These features vary geographi- 
cally, but within pine-oak and mixed-conifer 
forests spotted owls use areas that contain large 
trees, snags, high log volume, multistoried stand 
structure, and other specific attributes. Presently, 
habitat trends for the Mexican spotted owl are 
unknown, and the subject of conf icting specula- 
tion (I1.D). Clearly, adequate habitat of suffi- 
cient quality must exist into the future to ensure 
population viability. Consequently, habitat 
monitoring is an essential part of the recovery 





process and the bird should not be delisted until 
monitoring can ensure unequivocally that 
sufficient habitat exists to support a viable 
population of spotted owls. 

Habitat monitoring should address two 
aspects: persistence of forest types that owls 
prefer (macrohabitat) and specific habitat at- 
tributes within those types (microhabitat). This 
roughly corresponds to the coarse and fine filters 
described in II.D. 

The first task, then, is to quantify large-scale 
changes in macrohabitat across the range of the 
bird. Given existing high fire risks and the 
current state of southwestern forests, we expect 
that net macrohabitat change over the next 10 
years will be negative. Although some areas will 
develop into habitat as the result of succession 
and past management activities, the Team 
assumes that (1) most acreage currently on a 
trajectory to become habitat will not do so 
during the life of the plan, and (2) some habitat 
will be lost to fire during the next 10-15 years 
(11.D). Thus, the Team anticipates a slight 
decline in the total acreage of spotted owl 
macrohabitat during the short term. Unfortu- 
nately, we cannot specify a priori a threshold 
level of habitat loss that the spotted owl popula- 
tion can safely endure. That relationship can 
only be evaluated by combining the results of 
population and habitat monitoring. 

The second task for habitat monitoring is to 
evaluate whether or not management prescrip- 
tions were implemented effectively, and whether 
treated stands will remain or become owl habitat 
in the near future. Prescriptions pertain prima- 
rily to the use of prescribed fire and various 
silvicultural tools. Monitoring to meet this 
objective would entail pre-treatment sampling to 
measure existing habitat attributes, and post- 
treatment sampling to verify that the prescrip- 
tion met the intent of the treatment. Attributes 
to be sampled include both those typically 
measured during stand examinations and also 
additional variables not typically measured but 
that are strong correlates of owl presence (e.g., 
canopy cover, log volume). The general design 
for measuring owl habitat can be modified to 
monitor other ecosystem attributes as well. That 
is, additional variables can be measured besides 
those needed for spotted owls as required for 
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other ecosystem management objectives. These 
types of coordinated efforts will be crucial to 
meeting the monitoring needs inherent to both 
ecosystem and adaptive management. 


Long-term Management Plan 


As described in Part I, this Recovery Plan is 
intended to guide management for Mexican 
spotted owls over the next 10-15 years. If imple- 
mented as recommended, significant research 
will be conducted during this period and impor- 
tant new information will become available, 
specifically data on ow! biology, population 
structure, and effects of certain management 
practices on owl habitat. Further, the guidelines 
that we propose for managing restricted areas 
(I11.B) will provide a foundation upon which 
long-term management might be based. Evalua- 
tion of this approach and the information 
provided through research and monitoring will 
be integral to developing and refining a long- 
term plan for managing the Mexican spotted 
owl. Such a plan will be required before delisting 
can be considered. 


Delisting at the RU Level 


The Team recommends that once the popu- 
lation and habitat are shown to be stable or 
increasing, delisting should be considered at the 
RU level. When delisting is considered, atten- 
tion must focus on the resolution of known 
threats and the identification of emerging threats 
that could potentially compromise population 
viability. Similarly, spotted owl habitat must be 
monitored in each RU to determine trends. 
Monitoring will reveal habitat decline, improve- 
ment, or relative stability. The reasoning is that if 
the threats are removed or adequately regulated 
and if habitat trends are stable or showing 
improvement, protection under the Act will no 
longer be necessary. Conversely, a habitat decline 
or a lack of adequate regulatory mechanisms 
(other than provided by the Act) would warrant 
continued protection under the Act. 

The reasoning behind monitoring popula- 
tion levels within three RUs and habitat in all 
RUs is as follows. A viable core population will 














exist in the three RUs if the population is shown 
to be stable or increasing. Therefore, if habitat 
rangewide is also stable or increasing, the core 
population is provided the opportunity of 
expanding its area and greatly increasing the 
persistence probability of the subspecies. As 
discussed by Keitt et al. (1995), some key 
unoccupied habitat patches are potentially 
significant in the expansion of the core popula- 
tion. 


Moderating and Regulating Threats 


Threats to be moderated include those that 
need site-specific treatment to alleviate them. 
The primary threat throughout the forested U.S. 
range of the Mexican spotted owl is the threat of 
widescale, stand-replacing fire. For threats to be 
considered as moderated, reasonable progress 
must have been made in removing the threats 
and adequate assurance, in the form of the long- 
term management plan described above, must 
exist that those programs will continue as neces- 
sary. 

Threats to be regulated include those result- 
ing from agency management programs or other 
anthropogenic activities that are either ongoing 
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or reasonably certain to occur. A partial listing of 
threats besides fire include: 


1. Timber or fuelwood harvest that either 
directly affects habitat within a territory 
or indirectly affects the owl by collateral 
activity adjoining owl territories; 


Nw 


urban and rural land development; 
3. _ livestock and wildlife grazing; 


4. recreation involving both consumptive 
and nonconsumptive activities. 


Habitat Trends Within Recovery Units 


For the spotted owl to be delisted within any 
RU, the following conditions must be met. First, 
threats to the continued loss of habitat and key 
habitat components must be moderated and 
regulated as detailed in the previous section. 
Second, habitat trends must be monitored to 
assess gross changes in habitat quantity within 
each RU. Third, effects of modifying activities 
within existing and potential spotted owl habitat 
must be monitored to ensure that existing 
habitat is maintained and potential habitat is 
progressing towards becoming replacement 
habitat. 








B. GENERAL APPROACH 


The Recovery Plan recommendations are a 
combi: ation of (1) protection of both occupied 
habitats and unoccupied areas approaching 
characteristics of nesting habitat, and (2) imple- 
mentation of ecosystem management within 
unoccupied but potential habitat. The goal is to 
protect conditions and structures used by spot- 
ted owls where they exist and to set other stands 
on a trajectory to grow into replacement nest 
habitat or to provide conditions for foraging and 
dispersal. By necessity this Plan is a hybrid 
approach because the status of the Mexican 
spotted owl as a threatened species requires some 
level of protection until the subspecies is 
delisted. These constraints modify ways and 
Oppor" unities to manage ecosystems within 
landscapes where owls occur or might occur in 
the future. We are applying ecosystem manage- 
ment in two slightly different ways. Within 
unoccupied mixed-conifer and pine-oak forest 
on <40% slope, we provide both general (coarse 
filter) and specific (fine filter) guidelines to 
provide a sustainable quantity of replacement 
nest habitat across the landscape. Within other 
unoccupied forest and woodland types (c.g.. 
ponderosa pine, spruce-fir, aspen, aad pinyon- 
juniper), general guidance is provided for man- 
aging the landscape to meet multiple ecosystem 
management objectives including spotted owl 
foraging and dispersal habitat. 

Management priority should focus on 
actions to alleviate threats to Mexican spotted 
owls; thereafter, or in coordination with alleviat- 
ing threats, other management priorities (c.g., 
creating replacement owl habitat) should be 
pursued. Two primary threats that managers 
should focus on are catastrophic wildfire and the 
widespread use of even-aged silviculture. 

Heavy accumulations of ground and ladder 
fuels have rendered many Southwestern forests 
vulnerable to stand-replacing fires. Such fires 
represent real and immediate threats to the 
existence of spotted owl habitat. The manage- 
ment guidelines that follow are intended to 
provide land managers with flexibility to reduce 
these fuel levels and abate fire risks. Fire manage- 
ment should be given the highest priority. 
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Even-aged silviculture within potential owl 
habitat is regarded as a threat because it tends to 
simplify stand structure and move stands away 
from containing structures used by owls. We 
recognize, however, that such regeneration cuts 
may provide useful tools in certain circumstances 
to manage for spotted owls and other ecosystem 
objectives. Any use of even-aged management 
should be done sparingly and only after careful 
deliberation to ensure that it represents the best 
approach to meet management objectives. 

Under proposed delisting criteria the owl 
could be delisted within 10 years, rendering the 
protection measures in this Recovery Plar: 
obsolete. At that time, we anticipate having 
sufficient knowledge to design a strategy for 
long-term conservation of the Mexican spotted 
owl. Many of the ecosystem management 
guidelines provided in this Plan will provide a 
foundation for development of the long-term 
strategy. In formulating our recommendations, 
we assume that population and habitat status 
will be monitored in conjunction with imple- 
mentation of these management guidelines. This 
Recovery Plan is analogous to a three-legged 
stool (Figure I11.B.1); therefore, the manage- 
ment guidelines are not meant to stand alone. 
Monitoring provides objective criteria to assess 
the efficacies of the management guidelines. 
Without both habitat and population monitor- 
ing, the status of the owl cannot be assessed and 
it should not be delisted. We further assume that 
existing Management constraints on vegetative 
manipulations (such as size of openings and 
maintenance of hiding and thermal cover for 
other species) will remain in place. This assump- 
tion is especially critical for vegetation types-- 
ponderosa pine, pinyon-juniper, aspen, and 
spruce-fir--for which we provide no specific 
management recommendations. 


ASSUMPTIONS AND GUIDING 
PRINCIPLES 


The recommendations proposed here are 
based on several key assumptions about habitat 
requirements of the Mexican spotted owl, and a 
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Figure I11.B.1. Conceptualization of the Recovery Plan and needs for delisting of the Mexican 


spotted owl depicting the interdependency of population monitoring, abitat monitoring, and man- 


agement recommendations. 








Management 
Recommendations 


Habitat 


Monitoring 


number of guiding principles. These are enumer- 4. 


ated below. 
Assumptions 


1. Spotted owl distribution is limited 
primarily by the availability of habitat 
types used for nesting and/or roosting. 


2. Habitats used for nesting/ roosting also 
provide adequate conditions for foraging 
and dispersal activities. Thus, providing 
nesting/ roosting habitat partially meets 
other survival requirements as well. In 
turn, some stand structures not used for 
nesting/ roosting may provide adequate 
conditions for other activities such as 
foraging and dispersal. These include 
some stands in younger seral stages than 
typical nesting/ roosting habitat. 


6. 


3. Nesting/roosting habitat in forest envi- 
ronments is typified by certain structural 
features, including large trees and late 
seral characteristics, which are common 
in, but not restricted to, old-growth 
forests. 
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Population 
Monitoring 


Forested nesting/ roosting habitat is 
typically found in mixed-conifer, pine- 
oak, and riparian forests. Other habitat 
types are used primarily for foraging, 
dispersal, or wintering. Thus, the distri- 
bution of nesting/roosting habitat is 
naturally discontinuous. Further, the 
potential distribution of such habitat is 
quite limited in some areas 


The presence of shade-intolerant species 
in many spotted owl nest/roost stands 
suggests that these areas are dynamic and 
have developed over time, often from 
more open stands. Disturbance events 
leading to forest canopy gaps may be 
important in maintaining shade-intoler- 
ant species, particularly in mixed-conifer 
stands 


Existing stand structures used by Mexi 
can spotted owis for nesting/roosting 
generally have not been a ta get of 
planned silvicultural treatmunts. Where 
such conditions exist in managed stands, 
they are more than likely an unplanned 





rather than purposeful result. The 
existence of Mexican spotted owl nest- 
ing/roosting habitat usually results from 
the lack of recent alteration of forest 
structures in certain landscapes. 


Guidine Princio! 


1. Silvicultural applications must be evalu- 
ated over time by rigorous monitoring 
procedures to assess their effectiveness in 
managing or creating owl habitat. 


2. Obtaining lange trees is a function of 
both time and site productivity. Simi- 
larly, many late seral characteristics 
typical of owl habitat, such as broken- 
topped trees, snags, large downed logs 
and the sharing of growing space among 
multiple shade-tolerant and intolerant 
species, are attained primarily through 


time. 


3. Although this Recovery Plan represents a 
short-term strategy, managemer:t actions 
recommended herein will have long- 
term consequences. Therefore, care 
should be taken to preserve future 
options while evaluating the effectiveness 
of proposed treatments. 


GENERAL RECOMMENDATIONS 


General management recommendations for 
use throughout the range of the Mexican spotted 
owl are given here. These general recommenda- 
tions apply primarily to forested areas, and 
aspects of the recommendations are more appli- 
cable to some locations than others. Because the 
severity of potential threats varies among RUs, 
the general guidelines should be prioritized and 
priorities are emphasized in sections on indi- 
vidual RUs, as warranted by the differences 
among RUs. 

Three levels of habitat management are 
given in this Recovery Plan: protected areas, 
restricted areas, and other forest and woodland 
types (Figure 111.B.2). Protected areas receive the 
highest level of protection under this plan, other 
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forest and woodland types the lowest. Guidelines 
proposed in this Recovery Plan take precedence 
over other agency management guidelines in 
protected areas. Guidelines for restricted areas 
are less specific and operate in conjunction with 
coosystem management and cxisting manage- 
ment guidelines. We propose no owl-specific 
guidelines for lands not included in protected 
and restricted areas; these areas will continuc to 
be .aanaged under existing guidelines, assuming 
that the emphasis is towards ecosystem manage- 
ment. 

One guideline that applies to all areas with 
any potential for owl use is to inventory for 
spotted owls before implementing any manage- 
ment action that will alter habitat structure. If 
results of past inventory efforts can demonstrate 
uncquivocally that no spotted owls have been 
detected within a given area or habicat and that 
the probability of detecting a bird there is small, 
then future surveys may not be needed. Under 
such circumstances, concurrence must be 
granted by the Recovery Team through the 
appropriate RU working team. 


Protected Areas 


Protect all Mexican spotted owl sites known 
from 1989 through the life of the Recovery Plan 
(Protected Activity Centers), all areas in mixed- 
conifer and pine-oak types (defined in I1.C) with 
slope >40% where timber harvest has not oc- 
curred in the past 20 years, and all legally and 
administratively reserved lands. Specific guide- 
lines and the rationale for these guidelines are 
provided below. 

Protected Activity Center (PAC) 

Guidelines. —Eight specific guidelines pertain to 
the designation and implementation of PACs. 
These guidelines supersede steep slope guide- 
lines; that is, steep slopes occurring within PACs 
should be managed under PAC guidelines. 


1. Establish PACs at all Mexican spotted 
owl sites known from 1989 through the 
life of the Recovery Plan, including new 
sites located during surveys. PACs should 
also be established at any historical sites 
within the Colorado Plateau, Southern 
Rocky Mountains - Colorado, and 
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Southern Rocky Mountains - New 
Mexico RUs. Identify the activity center 
within cach PAC. “Activity center” is 
defined as the nest site, a roost grove 
commonly used during the breeding 
season in absence of a verified nest site, 
ot the best roosting/ nesting habirar if 
both nesting and roosting information 
are lacking. Site identification should be 
based on the best judgement of a biolo- 
gist familiar with the area. Delincate an 
area no less than 243 ha (600 ac) around 
this activity center using boundaries of 
known habitat polygons and/or topo- 
graphic boundaries, such as ridgelines, as 
appropriate (Figure I11.B.3) The hound- 
ary should enclose the best possib'c owl 
habitat, configured into as compact a 
unit as possible, with the nest or activity 
center located near the center. This 
should include as much roost/nest 
habitat as is reasonable, supplemented by 
foraging habitat where appropriate. For 
cxample, in a canyon containing mixed- 
conifer on north-facing slopes and 
ponderosa pine on south-facing slopes, it 
may be more desirable to include some 
of the south-facing slopes as foraging 
habitat than to attempt to include 243 
ha (G00 ac) of noxth-slope habitat. In 
many canyon situations, oval PACs may 
make more scnse than, for example, 
circular PACs; but oval PACs could still 
include opposing canyon slopes as 
described above. All PACs should be 
retained for the life of this Recovery 
Plan, even if spetred owls are mot located 
there in subsequent years. A potential 
exception to this rule is described in #8 
below. Feedback on PAC delineation 
should be provided to managers through 
RU working groups (see Part TV). PAC 
boundaries may not overlap. 


No harvest of trees >22.4 cm (9 in) dbh 
is allowed in PACs. Harvest of any trees 


is only permitted as it pertains to 5 
below. 


Fuelwood harvest within PACs should be 


managed in such a way as to minimize 
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effects on the owl, its prey, and their 
habitats. The most effective management 
to meet these objectives may be co 
prohibit such harvest. However, we 
recognize that i: may be virtually impos- 
sible to enforce such a prohibition and 
restrict access to all PACs for fuchwood 
harvest. When fuclwood harvest in PACs 
is unavoidable, we advocate the use of 
various forms of management that can 
regulate access to PACs and ww the types 
of fucts harvested. Potential forms of 
fuclwood management inctude road 
closures, prohibiting harvest of impor- 
tant tree species such as oaks, prohibiting 
harvest of key habitat components such 
as snags and large downed logs (>30 cm 
[12 inch} midpoint diameter), and 
encouraging the harvest of small diam- 
eter conifers in accord with Sc below. 
Prohibiting fuclwood harvest of key 
habitat components such as oaks, snags, 
and large logs should be applied both 
inside and outside of PACs to ensure that 
these special components remain on the 
landscape. 


Road or trail building in PACs should 
generally be avoided but may be allowed 
on a case-specific basis if pressing man- 
sgement reasons can be demonstrated. 


Implement a program consisting of 
appropriate treatments to abate fire risk. 
The ‘atent of this program is to assess 
the combined effects of thinning and fire 
on spotted owls and their habitat. The 
program should be structured as follows: 


a) Select up to 10% of the PACs within 
each RU that exhibit high fire risk 
conditions. Nest sites must be known 
within these PACs. Ideally, a paired 
sample of PACs should be selected to 


serve as control areas. 


b) Within cach selected PAC, 
designate 40 ha (100 acres) 
centered around the nest site. 

This nest area should include 
habitat that resembles the structural 
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and florian Characteristics of the 
nest sttc. These 40 ha (100 2 ces) will 
be deferred trom the treatments 


des tibcal bclow. 


oO) Wathin the remaming 203 ha (S00 
actes), combinavions of thinning, 
trees «22. 40m (9 inches) dbh, 
icatment of tuck, and prescribed fire 
can be used to reduce fire hazard and 
to nmprove habitat conditions tor 
owl prey. Habitat Components that 
should be retained ot enhanced 
inchude Lange logs (- 40 om [12 
inches} madpoms diameter), grasses 
and forbs, and shrubs. Dhese habitat 
components are strong, correlates of 
the presence of many key prey 
species of the owl, Emphasis of the 
spatial configuration of treatments 
should be to mimic natural mosan 


patter 1s. 


d) Treatments can occur only during 
the nonbreeding season (1 Septem 
ber J8 bebruary) to minimize any 
potential deleterious cllects on the 


owl during, the breeding, season. 


©) hollowing treatments to 10% of the 
PACs, ctlects on the owl, prey 
species, and then habitats should be 
assessed. TE such eflects are non 
negative, an additional sample of 
PACS may be treated. If negative 
ctlects are detected, these eflects 
must be carctully evaluated. Ut they 
ain be ameliorated by moditying 
treatments, those modifications 
should occur prior to treatment of 
additional PACs. He not, no addi 
Honal treatments should be perm 
ted 


6 Within the remanmung PACS, light 
burning of ground fuck may be allowed 
within the S00 acres surrounding the 
100 acre PAC. centers (Sb above), follow 
ing carctul review by biologists and fuels 
Management specialists on a case specifi 


basis. Burns should be designed and 
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implemented to mect the «iycctives 
noted in Sc abowe. Burns should oc done 
only during the nonbrecding, scason 


(1 September 28 bebruary). 


Within PACS treated to reduce fine ok, 
citther by the use of prescribed fire alone 
In conjunction with mechank al 
removal of stems and ground tucks, pre 
and post-treatment assessments (1c., 
monitoring) of habitat conditions and 
owl occupancy must be done. Specific 
habitat characteristics that should be 
monitorcd include tucl levels, canopy 
cover, snag, basal area, volume of Lange 
logs (> 000m [12 inch) midpoint: diam 


cter), and liwe tree basal area. 


Ha stand replacing fire occurs within a 
PAC, timber salvage plans must be 
evaluated on a case specific basis. In all 
cases, the PAC and a butter extending 
400 m trom the PAC boundary must be 
surveyed for owls following the fire. A 
minimum of four visits, spaced at least 
one week apart, must be conducted 
before non-occupancy can be mnferred. UU 
the PAC ts still occupied by owls or i 
owls are nearby (ie., within 400 m of the 
PAC) boundary), then the extent and 
severity of the fire should be assessed and 
reconfiguration of the PAC boundaries 
might be considered through section 
consultation. lt no owls Ate dete ted, 
then section 7 consultation should be 
used to evaluate the proposed salvage 
plans. [informal consultation cannot 
resolve the issuc within 40 days, the 
appropriate RU working team should be 
brought inte the negotiations, 

Salvage logging within PACs should 
be the exception rather than the cule. 
Lhe Recovery leam advocates the 
general philosophy of Beschta et al. 
(1995) for the use of salvage logging. In 
particular: (1) no management activities 
should be undertaken that do not 
protect soil integrity; (2) actions should 
not be done that impede natural recovery 
of disturbed systems; and (5) salvage 








activities should maintain and enhance 
native species and natural recovery 
processes. Further, any salvage should 
leave residual snags and logs at levels and 
size distributions that emulate those 
following pre-settlement, stand-replacing 
fires. Scientific information applicable to 
local conditions should be the basis for 
determining those levels. 


Rationale.—The primary objective to be 
achieved by these guidelines is to protect the best 
available habitat for the Mexican spotted owl, 
while maintaining sufficient flexibility for land 
managers to abate high fire risks and to improve 
habitat conditions for the owl and its prey. We 
assume that the best available owl habitat is that 
which is currently occupied by owls, or that 
occupied by owls in the recent past (since 1989). 
The median size of the adaptive kernel contour 
enclosing 75% of the foraging locations for 14 
pairs of radio-marked owls was 241 ha (595 ac). 
Therefore, a 243 ha (600 ac) PAC should 
provide a reasonable amount of protected 
habitat and should provide for the nest site, 
several roost sites, and the most proximal and 
highly used foraging areas. We assume that 
existing management guidelines and those 
discussed below for areas outside of PACs will 
ensure the existence of additional habitat appro- 
priate for foraging. 

The intent of these guidelines is not to 
preserve these PACs forever, but rather to 
protect them until it can be demonstrated that 
we can create replacement habitat through active 
management. We describe below in the section 
covering restricted areas the approach for manag- 
ing to create replacement habitat. Once land 
managers demonstrate that they can create 
replacement habitat, and when monitoring 
indicates that populations and habitats are stable 
or increasing, PACs could be abolished in 
conjunction with delisting the owl. 

The Team recognizes that protection status 
carries some risk with respect to probabilities of 
catastrophic fire. The reason for the proposed 
management within PACs is to encourage a 
proactive approach to reduce fuel risks and 
simultaneously enhance prey habitat. If these 
objectives are achieved, existing owl habitat will 
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be maintained and in some cases enhanced, 
while identified risks of catastrophic fire will be 
lessened. 

Salvage logging in /ACs should be allowed 
only if sound ecological justification is provided 
and if the proposed actions meet the intent of 
this Recovery Plan, specifically to protect exist- 
ing habitat and accelerate the dc velopment of 
replacement habitat. Fires within PACs are not 
necessarily bad. In many cases, patchy fires will 
result in habitat heterogeneity and may benefit 
the owl and its prey. In such cases, adjustments 
to PAC boundaries are probably unnecessary and 
salvage should not be done. Salvage should be 
considered in PACs only when the fire is exten- 
sive in size and results in the mortality of a 


substantial proportion of trees. 


Steep Slopes (outside of PACs) 


Guidelines. —W thin mixed-conifer and pine- 
oak types, allow no harvest of trees >22.4 cm (9 
inches) on any slopes >40% where timber 
harvest has not occurred in the past 20 years. 
(Mixed-conifer and pine-oak types found on 
steep slopes that have been treated within the 
past 20 years are managed under restricted area 
guidelines below). These guidelines also apply to 
the bottoms of steep canyons. Thinning of trees 
<22.4 cm (9 inches) dbh, treatment of fuels, and 
fire are allowed, as discussed in Sc above. No 
seasonal restrictions apply, however. Prescribed 
natural fire is also permitted as is the creation of 
fire breaks on a case-specific basis. 

On steep slopes treated to reduce fire risk, 
either by the use of prescribed fire alone or in 
conjunction with removal of stems and ground 
fuels, pre- and post-treatment monitoring of 
habitat conditions should be done. Specific 
habitat characteristics to be measured include 
fuel levels, snag basal area, volume of large logs 
(>30 cm midpoint diameter), and live tree basal 
area. 





Rationale.— The objective of prohibiting timber 
harvest but allowing treatment of fuels and 
burning is to retain additional habitat with 
existing conditions similar to owl nesting/ 


roosting habitat while reducing fire risks. These 








conditions appear to be found commonly in 
mature/old-growth stands, and such stands are 
now found most commonly on steep slopes 
because past management practices have largely 
occurred on slopes <40%. We have restricted 
these guidelines only to the m.xed-conifer and 
pine-oak types because existing information 
indicates that the owl favors these types for 
nesting and roosting (Ganey and Dick 1995). 

These guidelines depart somewhat from 
recent management for steep slopes on south- 
western FS lands. R. Fletcher (FS Southwestern 
Region, Albuquerque, NM, comment submitted 
on draft Recovery Plan) noted that only about 
1,215 ha (3,000 acres) of steep slopes have been 
treated since 1987. Our guidelines emphasize 
that greater acreage should be treated through 
thinning and fire if threats of catastrophic fire 
are to be decreased on steep slopes. We have 
excepted steep slopes that been harvested in the 
recent past because many of these areas may not 
currently exhibit the forest structure spotted owls 
use for nesting or roosting. Guidelines for 
restricted areas apply to these lands. 


Reserved Lands 


Guidelines.—Encourage the use of prescribed 
natural fire where appropriate in Wilderness, 
Research Natural Areas, and other reserved 


lands. 


Rationale.—Prescribed natural fire may be 
beneficial to owl habitat in several ways. First, it 
can aid in reducing fuel loads and risk of cata- 
strophic wildfire resulting in loss of habitat over 
large areas. Second, it can create a diverse land- 
scape with considerable horizontal heterogene- 
ity. This seems to be relatively characteristic of 
many areas occupied by spotted owls and also 
provides for a diverse prey base. Third, it can 
create conditions that maintain shade-intolerant 
species such as ponderosa pine or Gambel oak in 
the landscape. Prescribed fires should be used 
carefully in spotted owl habitat, however; and 
the results should be monitored to evaluate the 
effeces on habitat components suspected to be 
important to the spotted owl and its prey, such 


as large snags and logs. 
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Nor all lands can or should receive equal 
protection. We provided guidelines above to 
protect a »cupied nesting and roosting habitat, 
as well as unoccupied steep slopes and reserved 
lands. Potential exists, however, for the owl to 
use other, unoccupied areas. Thus, we provide 
additional guidelines to maintain and develop 
potential nesting and roosting habitat now and 
into the future. The guidelines that we present 
are stratified by broad vegetative cover types: 
mixed-conifer forest, pine-oak forest, and ripar- 
ian areas. Definitions for pine-oak and mixed- 
conifer forests as applicable to these recovery 
measures are given in I1.C. 

For the most part, these guidelines apply to 
planning areas. Planning areas can be diversity 
units, sale planning areas, or ecologival areas, all 
places where management activities are consid- 
ered and evaluated. The intent is to spread 
activities over the landscape rather than concen- 
trating them in particular areas. Management 
within restricted mixed-conifer and pine-oak 
forests is derived from concepts of ecosystem 
management. Ecosystem management, however, 
requires ecological assessments at hierarchies of 
spatial scales (Kaufmann et al. 1994:6). Thus, 
although management is applied to planning 
areas, it is crucial that the impacts are assessed at 
larger spatial scales (e.g., landscape, subregional, 
and regional scales). 

The underlying objective of the following 
guidelines is to manage the landscape to main- 
tain and create replacement owl habitat where 
appropriate, while providing a diversity of stand 
conditions and stand sizes across the landscape. 
As noted previously, we assume that the primary 
limiting factor for Mexican spotted owls is the 
amount of nesting habitat. A logical conclusion 
from this premise is that the landscape should be 
managed to sustain owl nesting habitat well 
distributed spatially. Because various natural 
processes lead to the development, maturation, 
and senescence of such stands through time, 
management should allocate stands in such a 
way as to mimic the natural landscape. We also 
assume that providing a continuous supply of 
nesting and roosting habitat requires that re- 
maining stands be in various stages of ecological 





succession. The landscape mosaic resulting from 
such an allocation should ensure adequate 
nesting, roosting, and foraging habitat for the 
owl, and habitats for its variety of prey. 

Ideally, assessments of existing conditions 
should follow the spatial hierarchy presented by 
Kaufmann et al. (1994:6). At the vezy least, 
existing distributions of seral stages should be 
assessed at the planning level, landscape, subre- 
gional, and regional scales (sensu Kaufmann et al. 
1994). We recognize that information may be 
inadequate to conduc assessments at larger 
spatial scales, but this constraint should be 
ameliorated as resource agencies continue to 
acquire appropriate data. Existing vegetative 
conditions within mature-old stands must also 
be assessed to determine the treatment potentials 
within those stands. However, given the high 
frequency of recent stand-altering disturbances, 
many areas are likely deficient in mature to old- 


growth forests. Thus, any treatments to these 
stands should be applied judiciously, if at all. 


Reference Conditions 


Nesting and roosting target/threshold 
conditions.—Forested stands used by spotted 
owls have certain structural features in common. 
These conditions do not, nor can they, occur 
everywhere. For example, many south-facing 
slopes may never attain this type of forest struc- 
ture. It is impossible for us to imagine every 
possible management scenario, and this limits 
our ability to formulate specific guidelines that 
would be appropriate to all situations. Our 
intent here is to protect appropriate nesting 
habitat structure where it exists and manage 
other stands to develop the needed structure. 
Although our knowledge of spotted owl 
habitat is incomplete, nesting/roosting stands 
exhibit ccrtain identifiable features, including 
high tree basal area, targe trees, multi-storied 
canopy, high canopy cover, and decadence in the 
form of downed logs and snags (Ganey and Dick 
1995). Further, these stands often contain a 
considerable hardwood component generally 
provided by Gambel oak in ponderosa pine- 
Gambel oak forests and by various species (e.g., 
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oaks, maples, box elder, aspen) in mixed-conifer 
forests. 

We used tree basal area, large tree (>45.7 cm 
[18 in} dbh) density, and tree size-class distribu- 
tion as the variables to define target/threshold 
conditions (Table I11.B.1). Other variables such 
as snags and downed logs are important as well. 
We assume that if the basal area and tree density 
levels given in Table II1.B.1 exist, adequate 
amounts of snags and downed logs (and other 
habitat elements) should be present. 

The values provided in Table II1.B.1 repre- 
sent targets in that they define the desired 
conditions to be achieved with time and man- 
agement. They also represent threshold condi- 
tions in that they define minimal levels that 
must be maintained. That is, activities can occur 
within stands that exceed these conditions, but 
the outcome of such activities cannot lower the 
stands below the threshold levels unless large- 
scale ecosystem assessments demonstrate that 
such conditions occur in a surplus across the 
landscape (see below). Note that all values must 
be met simultaneously for a stand to meet target/ 
threshold conditions. 

We used two primary types of information 
to define target/threshold conditions. First, we 
used quantitative descriptions of site- and stand- 
level habitat conditions. Second, we estimated 
the proportion of the landscape that could 
sustain those conditions through time. A similar 
approach was provided for managing northern 
goshawk habitat in the southwest (Reynolds et 
al. 1992). Thus, our approach is not without 
precedence. 

Despite repeated attempts by the Recovery 
Team to obtain data from land-management 
agencies and researchers, only limited data were 
available for our analyses. We used nest-site data 
collected by SWCA (1992) which included plot 
measurements centered (1) at each nest location, 
(2) a random location within each nest stand, 
and (3) a random location within a stand adja- 
cent to the nest stand (see Ganey and Dick 
[1995] for more detailed information). We also 
used FS stand inventory data provided by the 
Coconino, Apache-Sitgreaves, and Lincoln 
National Forests. These data consisted of stand- 
level data stratified by nest, core, and territory 
stands. Core and territory delineations were 
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Table I11.B.1. Tazget/threshold conditions for mixed-conifer and pine-oak forests within restricted areas. Forest types are defined in II.C. 








% stand % stand % stand 

Recovery Units density of trees density of trees —_ density of trees 

30.5-45.7 cmdbh 45.7-61 cm dbh >61 cm dbh Tree basal Density of large 
Fost type % of area’ (12-18 in) (18-24 in) (>24 in) area? trees? 
Basin and Range - East RU 
Mixed-conifer 20 10 10 10 32 (150) 49 (20) 
Mixed-conifer 10 10 10 10 39 (170) 49 (20) 
All RUs, except Basin and Range - East RU 
Mixed-conifer 25 10 10 10 32 (150) 49 (20) 
Mixed-conifer 10 10 10 10 39 (170) 49 (20) 
Colorado Plateau, Upper Gila Mountains, Basin and Range - West RUs 
Pine-oak* 10 15 15 15 32 (150) 49 (20) 





% of area pertains to the percent of the planning area, landscape, subregion, and region that must mect target/threshold conditions. For mixed-conifer forests within 
Basin and Range - East and then for all other RUs, the percentage figure on the second line is a subset of the percentage figure given immediately above 

~ Basal area is m’ sha (ft /acte 
Trees >45.7 cm (18 inches) dbh. Density is trees/ha (trees/acre) 

’ For pine-oak, 4.6 mr /ha (20 tr’ /acre) of oak must be provided as a threshold/target condition 


Th. 








based on FS management guidelines for the 
Mexican spotted owl provided by ID No. 2 (see 
Part I). We had no way to assess the accuracy of 
the data. Different methods were used to collect 
the SWCA data from those used to collect the 
FS data, thus direct comparisons are tenuous. 
Neither data set was collected specifically to 
address our objectives; thus, the data were less 
than optimal for our purposes. Further, numer- 
ous people collected data and we cannot assess 
inter-observer variation (Block et al. 1987). As 
obvious as these points may be, they greatly 
limited the inferences that we could make based 
on our analyses. Thus, we relied on our best 
professional judgement to evaluate the analyses 
and formulate our recommendations. 

We explored several analyses to derive target/ 
threshold conditions including empirical 
univariate and multivariate analyses, and model- 
ing. Most analyses converged on a set a values 
that were validated by existing data on spotted 
owl nesting habitat. 

We used the following approach. First, we 
used the SWCA (1992) data to characterize nest 
stands on the basis of tree basal area, density of 
large trees, and the distribution of stand density 
by size classes. Next, we used the available FS 
stand data to identify the percentage of the 
contemporary landscape that simultaneously 
meets these values. Third, we modeled forest 
stands under various post-disturbance/stand 
initiation conditions using the Forest Vegetation 
Simulator (Wykoff et al. 1982, Dixon 1991, 
Edminster et al. 1991). This model allowed us to 
predict the amount of time that a stand would 
be in each successional stage, including the 
amount of time the stand would retain or exceed 
the characteristics required for nesting and 
roosting. Knowledge of how long a stand meets 
or exceeds target conditions was used to estimate 
the proportion of the landscape that should meet 
or exceed these stand conditions at a given time. 

Analyses were conducted separately for 
mixed-conifer and pine-oak forests. We also 
provide two sets of values for mixed-conifer 
forest that reflect different target/threshold 
values which are applied to different proportions 
of the landscape (Table III.B.1). We reiterate 
that all target/threshold values must be met 


simultaneously. For example, within mixed- 
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conifer forests in all RUs except Basin and Range 
- East, 25% of the landscape should consist of 
stands that have >32 m*/ha (150 fr-/acre) of tree 
basal area, and include >49 trees/ha (20 trees/ 
acre) that are >45.7 cm (18 inches) dbh. Man- 
agement should strive for an even distribution of 
stand density across all sizes classes with no less 
than 10% of the distribution of stand density in 
each of the upper three size classes: 30.5-45.7 cm 
(12-18 inches), 45.7-61.0 cm (18-24 inches), 
and >61.0 cm (24 inches). Also, 10% of the total 
landscape (a subset contained within the 25% 
discussed above), should have >39 m*/ha (170 
fr’/acre) of basal area in addition to the large 
trees and distribution of trees by size class. 
Target/threshold conditions for mixed-conifer 
forests in the Basin and Range - East RU differ 
slightly in that landscape percentages are 20% 
and 10%. The areal percentage for Basin and 
Range - East RU is lower (20% compared to 
25%) because of the high density of owls in the 
Sacramento Mountains which effectively places a 
large proportion of the landscape in protected 
status. Target/threshold conditions apply to only 
10% of the pine-oak forest (Table II1.B.1). 
Target/threshold conditions for pine-oak forests 
also require that >4.6 m*/ha (20 ft’/acre) of oak 
basal area be present, and that all oaks >13 cm [5 
inches} dbh be retained (Table II1.B.1). 


Coarse Filter 


We recognize that most project planning 
occurs at limited spatial scales such as 4,050 ha 
(10,000 acre) blocks. This limited spatial scale 
precludes ecological assessments at larger scales. 
Because of this limitation, the areal percentages 
provided in Table II1.B.1 should be regarded as 
minimum levels for a given planning area. If a 
deficit occurs within the planning area, addi- 
tional stands should be identified that (1) have 
the site potential to reach target conditions and 
(2) whose current conditions most closely 
approach those conditions. Those stands should 
then be managed to achieve target conditions as 
rapidly as possible. However, if the proportion of 
the planning area that meets target conditions is 
greater than the percentages in Table I11.B.1, 
none of those stands can be lowered below 
threshold conditions until ecosystem assessments 


at larger spatial scales (landscape, subregion, 








region) demonstrate that target conditions 1. 


exceed the required areal percentages (Table 
I11.B.1) at these larger scales. This does not 
preclude use of treatments to reduce fire risks or 
lessen insect or disease problems nor does it 


preclude management to meet other ecosystem 2. 


objectives as long as stand-level conditions 
remain at or above the threshold values given in 
Table I11.B.1. 


Fine Filter 


Overriding Guidelines. —Management activities 
that influence the owl and its habitat should be 
conducted according to the following overriding 
guidelines: 
1. Manage mixed-conifer and pine-oak 
forest types to provide continuous 


replacement nest habitat over space 
and time. Treatment of a particular 


stand depends on its capability to attain 4. 


the desired stand conditions. Target 


stand structure would be the described 5. 


conditions for nesting and roosting 
habitat (Table I11.B.1) but only the 
portion of the landscape that can be 
sustained through time should be in 
that condition. 


2. Incorporate natural variation, such as 
irregular tree spacing and various stand/ 
patch sizes, into management prescrip- 
tions and attempt to mimic natural 
disturbance patterns. 


3. Maintain all species of native vegetation 
in the landscape, including early seral 


species. To allow for variation in existing 7. 


stand structures and provide species 
diversity, both uneven-aged and even- 


aged systems may be used as appropriate. 
4. Allow natural canepy gap processes to 


occur, thus producing horizontal varia- 
tion in stand structure. 


Specific Guidelines—The following guidelines 
are intended to minimize threats to the Mexican 
spotted owl, retain and enhance important but 
difficult-to-replace habitat elements, and provide 
management flexibility. 
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Emphasis should be placed on uneven- 
aged management systems. Existing 
stand conditions will determine which 
silvicultural system is appropriate. 


Extend rotation ages for even-aged 
stands to >200 years. Silvicultural pre- 
scriptions should explicitly state when 
rotation age is reached. This age may 
depend on site quality, but ceasing 
activity at 140 years and allowing 60 
years for unaltered stand maturation and 
senescence seems reasonable. 


Within pine-oak types, emphasis should 
be placed on management that retains 
existing large oaks and promotes the 
growth of additional large oaks. 


Retain all trees >61 cm [24 in] dbh. 


trees, and snags. 


Management priority should be placed 
on reducing identified risks to spotted 
owl habitat. The primary existing threat 
is catastrophic wildfire. Thus, we 
strongly encourage the use of prescribed 
and prescribed natural fire to reduce 
hazardous fuel accumulations. Thinning 
from below may be desirable or necessary 
before burning to reduce ladder fuels and 
the risk of crown fire. Such thinning 


must emphasize irregular tree spacing. 
No stand that meets threshold condi- 


tions can be treated in such a way as to 
lower that stand below those conditions 
until ecosystem assessments can docu- 
ment that a surplus of these stands exist 
at larger landscape levels (¢.g., no less 
than the size of a FS District). This does 
not preclude use of treatments to reduce 
fire risks or lessen insect or disease 
problems, nor does it preclude manage- 
ment to meet other ecosystem objectives 
as long as stand-level conditions remain 
at or above the threshold values given in 
Table I1.B.1. 





Rationale.—The collective goal of these general 
and specific guidelines is to provide spotted owl 
habitat that is well distributed over space and 
time. To accomplish this goal requires maintain- 
ing or creating stand structures typical of nesting 
and roosting habitats and sustaining them in 
sufficient amounts and distribution to support a 
healthy population of Mexican spotted owls. A 
few guidelines merit further comment. 

Retaining large trees is desirable because they 
are impossible to replace quickly and because 
they are common features of nesting and roost- 
ing habitats for the owl. Fire, viewed as a natural 
formative process rather than as a destructive 
anthropogenic process, can be used advanta- 
geously to maintain or improve spotted owl 
habitat. 

The guidelines presented above should not 
be misconstrued as onetime management events. 
For example, large trees and snags are required 
by the spotted owl and will continue to be 
needed by the owl in the future. Further, the 
approach outlined above provides a foundation 
for the development of a long-term management 
strategy. Once the owl is delisted, we expect that 
this general template can be evaluated, fine- 
swned, and possibly applied to PACs and steep 


slopes. 
Riverian C - 


Guidelines.—The goals of these guidelines are 
to maintain healthy riparian ecosystems where 
they exist and initiate restoration measures to 


return degraded areas to healthy conditions. 


1. Maintain riparian broad-leaved forests in 
a healthy condition where they occur, 
especially in canyon-bottom situations. 
Where such forests are not regenerating 
adequately, active management may be 
necessary. Possible actions to restore 
these forests may include reducing 


grazing pressure, establishing riparian 
exclosures to manage forage use better, 
and shifting to winter grazing seasons. 


'~ 


Restore lowland riparian areas. Spotted 
owls once nested in riparian gallery 
forests. Conceivably, restored riparian 
forests could contribute additional 
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nesting habitat in the future and could 
also create a landscape that is more 
effectively connected for dispersing owls. 


3. Exaphasize a mix of size and age classes 
of trees. The mix should include large 
mature trees, vertical diversity, and other 
structural and floristic characteristics that 


Rationale.—We assume that riparian forests 
provide important habitat for spotted owls. 
Many riparian systems within the range of the 
Mexican spotted owl are extremely degraded as 
the result of past management practices. Because 
many of these systems are degraded and little 
documentation of recent owl use exists, we have 
little empirical information upon which to 
provide specific guidelines. Thus, our underlying 
premise is that if riparian systems are restored to 
more natural conditions, the needs of the owl 
(and numerous other species) will be satisfied. 
This is particularly true in canyon-bottom 
situations at middle and lower clevations where 
little other typical nesting or roosting habitat 
may be available. We know that canyon bottoms 
are used extensively by the owl, thus it is impor- 
tant to preserve and increase the quality of such 
habitat. We anticipate that PACs will include 
some of the best of this type of habitat that still 
exists, but increasing the quantity and distribu- 
tion of healthy riparian habitats provides the 
potential for increasing spotted owl habitat. 
Furthermore, maintenance of existing healthy 
riparian systems and restoration of those that are 
degraded will benefit numerous riparian-depen- 
dent flora and fauna, and ecosystem health 
across the landscape. 


Other Forest and Woodland Types 


We propose no specific guidelines for several 
forest and woodland community types where 
they occur outside PACs. These include ponde- 
rosa pine, spruce-fir, pinyon-juniper, and aspen 
as defined in I1.C. We emphasize, however, that 
the lack of specific management guidelines 
within this plan docs not imply that we regard 
these types as unimportant to the Mexican 
spotted owl. 








The Team's rationale for these recommenda- 
tions is based on extant information on the 
natural history of the Mexican spotted owl as 
summarized in Part [1A and detailed in Volume 
Il. These forests and woodlands are not typically 
both dispersing and wintering spotted owls. Our 
grasp of the owl's natural history regarding these 
behaviors is incomplete, so we do not fully 
understand the structural features the owl 
forest and woodland types. Furthermore, some 
of the best foraging habitat should be protected 
in PACs. All of these circumstances allow us to 
be less restrictive in these community types 
without harming the owl or compromising its 

With the exception of the acreage of these 
types contained within PACs, we assume that the 
remaining lands are used primarily for 
foraging, wintering, migration, and dispersal. 
management for these types will maintain or 
improve habitat for these needs of the owl. This 
contention is based largely on the assumption 
that existing old-growth areas will be maintained 
across the landscape, silvicultural practices will 
favor selection over regeneration cuts, and 
management will be guided by ecosystem 
approaches that strive to provide sustainable 
conditions across the landscape that fall within 
the natural range of variation. 

Guidelines developed for protected and 
restricted areas may have useful applications 
when judiciously administered in these other 
forest and woodland types. Such guidelines 
include managing for landscape diversity, mim- 
icking natural disturbance patterns, incorporat- 
ing natural variation in stand conditions, retain- 
ing special features such as snags and large trees, 
and utilizing fires as appropriate. We also em- 
phasize the need for proactive fuels management 
«here appropriate. Decreasing fire risks within 
these types, particularly ponderosa pine forests, 
will also decrease fire risks to adjoining protected 
and restricted areas by minimizing the probabil- 
ity of large landscape-level crown fires that could 
impinge upon occupied or potential nesting 
habitat. 
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GRAZING RECOMMENDATIONS 


The explicit goals of managing grazing in 
spotted owl habitat reflect the four manifested 
influences of grazing discussed in I1.D. Those 
influences were (1) altered prey availability, (2) 
altered susceptibility to fire, (3) degencration of 
riparian plant communities, and (4) impaired 
ability of plant communitics to develop into 
spotted owl habitat. The goals then become (1) 
to maintain or enhance prey availability, (2) to 
replacing fire, (3) to promote natural and 
healthy riparian plant communities, and (4) to 
spotted owl habitat. 

The Team strongly advocates field monitor- 
ing and experimental research related to the 
impacts of grazing on the Mexican spotted owl. 
Only through monitoring and research can we 
(1) develop a comprehensive understanding of 
how grazing affects the habitat of the owl and its 
prey; (2) determine the effectiveness of current 
grazing standards and guidelines as they relate to 
the owl's needs; and (3) devise grazing strategies 
that can benefit the owl and its prey. 


Grazing Guidelines 


The following guidelines should be applied 
to all protected and restricted areas: 


1. Monitor grazing use by livestock and 
wildlife in “key grazing areas.” Key 
grazing areas are primarily riparian areas, 
meadows, and oak types. Monitoring 
should begin by determining current 
levels of use plus current composition, 
density, and vigor of the plants. Ulti- 
mately, monitoring should detect any 
change in the relative composition of 
herbaceous and woody plants. The intent 
is to maintain good to excellent range 
conditions in key areas while accommo- 


dating the needs of the owl and its prey. 





to 


Implement and enforce grazing utiliza- 
tion standards that would attain good to 
excellent range conditions within the key 
grazing areas. Use standards (e.g., FS 
Region 3, Range Analysis Handbook) 
that have been developed fez local 
geographic areas and habitat types-- 
particularly in key hab*tats such as 
riparian areas, meadows, and oak types-- 
that incorporate allowable use levels 
based on current range condition, key 
species, and the type of grazing system. 
Establish maximum allowable use levels 
that are conservative and that will 
expedite attaining and maintaining good 
to excellent range conditions. The 
purpose of establishing these use levels +s 
to ensure allowable use of plant species 
to maintain plant diversity, density, 
vigor, and regeneration over time. 
Additionally, a primary purpose is to 
maintain or restore adequate levels of 
residual plant cover, fruits, seeds, and 
regeneration to provide for the needs of 
prey species and development of future 
owl foraging and dispersal habitat. 


3. implement management strategies that 
will restore good conditions to degraded 
riparian Communities as soon as possible. 
Strategies may include reductions in 
grazing levels and increased numbers of 
exclosures (i.c., fencing) to protect 
riparian plant cover and regeneration, 
and to prevent damage to stream banks 
and channels (Clary and Webster 1989, 
Platts 1990). In many cases, degraded 
riparian areas may require complete rest 
for periods from a few years to 15 years 
for the area to recover (Kennedy 1977, 
Rickard and Cushing 1982, Clary and 


Webster 1989). Additional strategies may 


include the use of riparian pastures, 
limited winter use, double rest-rotation, 
and other methods that emphasize 
riparian vegetation and stream bank/ 
channel recovery (Platts 1990). Riparian 
restoration projects that include the use 
of exclosures need not require exclosures 
along the entire drainage course at one 
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ume. Rather, systematic use of exclosures 
that protect the most sensitive portions 
of riparizn habitats is encouraged. 
Riparian areas can also benefit from 
protection of adjacent upland areas 
(Bryant 1982). Placement of exclosures 
(controls) and areas open to grazing 
(treatments) should be designed to 
permit determination of effects on 
several ecological responses ( -.g., vegeta- 
tion, erosion, water quality, prey avail- 


ability). 





Rationale for Grazing Guidelines 


Some effects of excessive grazing on vegeta- 
tion and habitat features are predictably nega- 
tive, particularly in riparian communities. 
However, the collective effects of grazing are 
neither always predictable nor always negative. 
Effects depend on site-specific factors such as the 
grazing system, condition of the plant commu- 
nity prior to livestock grazing, soil types, climate, 
community composition of plant species, and 
the presence or absence of aggressive exotic plant 
species. Succinctly, predictability is inexact; and 
without predictability the Team cannot give 
detailed and specific recommendations. 

We suggest that, when implemented and 
enforced, general guidelines and the standards 
they prescribe will promote and maintain good 
to excellent range conditions over time and 
across communities used by the owl. Despite our 
imprecise knowledge of how grazing affects 
spotted ow! habitat, the collective body of 
general knowledge regarding the impacts of 
grazing on wildlife mandates prudence. The 
Team believes that understanding how grazing 
affects the owl is paramount, and we strongly 
urge that specific grazing practices and levels of 
grazing use be carefully evaluated through an 
experimental approach (Bock et al. 1993). 

Habitats in protected and restricted areas 
should receive high-priority management atten- 
tion relative to grazing. Any riparian communi- 
ties of potential importance for spotted owl 
dispersal and wintering habitat should also 
receive high-priority attention. Such attention 
will not only benefit spotted owls but many 
other species in the Southwest as well (Hubbard 








1977). Fundamental to the guidelines for 
grazing ts the assumpuon that individual actions 
have collective effects. For example, the short- 
term goal of exclusion by fencing is to prowect 
riparian plants and to prevent physical damage 
to stream banks and channels (Clary and 
Webster 1989, Platts 1990). The long-term goal 
is that such short-term protection ultimately 
allows spotted owl habitat to develop. Implicit in 
this vationale is that excessive grazing sustained 
for long periods not only deteriorates potential 
or actual spotted owl habitat but it also inevita- 
bly leads to a deterioration of the very qualities 
that make an area attractive for grazing in the 
first place. 

We also assert that attainment and mainte- 
nance of good to excellent conditions in key 
grazing areas will translate to beiter conditions in 
the uplands. Most native and exotic ungulates 
preferentially graze within key areas such as 
meadows and riparian areas. We assume that if 
tions, upland forests and woodlands should also 
be in good condition. Thus, negative effects of 
grazing that lead to the establishment of ladder 
fuels and “dog-hair” thickets may be amelio- 
rated. 

RECREATION 


RECOMMENDATIONS 
Guidelines 


The following guidelines should be applied 
to all protected and restricted areas: 


1. No construction, cither of new facilities 
ot for expanding existing facilities, 
should take place within PACs during 
the breeding season, | March through 
31 August. Any construction within 
PACs during the nonbreeding season 
should be considered on a case-specific 
basis. Modifications to existing facilities 
pertaining to public safety and routine 


maintenance are excepted. 


'~ 


Managers should, on a case-specific basis, 
assess the presence and intensity of 
allowable recreational activities within 
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PACs. Spatial and temporal restrictions 
should be considered for new activities. 


3. Seasonal closures of specifically desig- 
nated recreational activities should be 
considered where appropriate. 


RECOVERY UNIT 
CONSIDERATIONS 


We review below primary threats within cach 
recovery unit. Some threats are ubiquitous across 
the range of the spotted owl, whereas others are 
limited to onc or few RUs. To place these threats 
mation from Part 11.B for cach RU. Manage- 
ment prioritics within cach RU should focus on 
the threats identified below. 

One management consideration that applics 
to all RUs is the potential for migration and 
dispersal of spotted owls within and amofig RUs. 
Admittedly, we know very little of the prevalence 
of such movements, nor do we know much of 
movements of birds may be important to gene 
flow and the maintenance of a metapopulation 
structure (Keitt et al. 1995). Thus, efforts should 
be made to preserve options by maintaining and 
enhancing potential avenues for migration and 
dispersal. This could be particularly important in 
specific canyons, riparian areas, and mountain 
ranges that might provide links within, between, 
and among RUs. 


Colorado Plateau 


The Colorado Plateau is the largest of all 
U.S. RUs. It encompasses the southern half of 
Utah, much of northern Arizona, most of 
northwestern New Mexico, and a small portion 
of southwestern Colorado. In the northwestern 
portion of this RU, owls have been located in 
steep-walled canyons with apparent concentra- 
tions in the areas of Zion N.P., Capitol Reef 
N.P., western Abajo Mountains, and 
Canyonlands N.P. Historical records are available 
from forested habitats on the Kaibab Plateau of 
northern Arizona. In the southeastern portion of 
this RU, owls occur in both steep-sloped, mixed- 
conifer forested canyons and steep-walled 











canyons on the Navajo Indian Reservanon: 
known concentrations occur in the Black Mesa 
area and the Chuska Mountains. Owds have also 
been located in mixed-conifer habitats in the 
Zuni Mountains and on Mount Taylor (Figure 
11.B.3). 

Owl distribution in this RU appears to be 
may be natural or the result of inadequate survey 
effort in some parts of the RU. Extensive surveys 
have, however, been completed in the southern 
Utah portion of this RU. Here, breeding owls 
have been found only in canyons where they 
nest and roost in caves and on ledges. In south- 
ern Utah, no breeding owls have been located in 
hundreds of thousands of hectares surveyed in 
mixed-conifer or other forest types in arcas with 
that surveys in southern Utah emphasize steep 
slopes and rocky canyons. 


Potential Threats 


Levels of recreational activity are high and 
increasing in some areas of this RU, such as 
southern Utah. Some activities may potentially 
lead to habitat alteration or direct disturbance of 
owls. Furthermore, owls in southern Utah nest 
and roost in canyons, and the physical structure 
of canyons tend to magnify disturbances and 
lima: escape/avoidance routes for owls. Potential 
threats listed in order of severity for the north- 
western portion of this RU inchude recreation, 
canyons, and catastrophic fire and timber harvest 
within upland forests potentially used for forag- 
ing, dispersal, and wintering. For the so-iwtheast- 
ern portion, threats include timber harvest, 
overgrazing, catastrophic fire, oil, gas, and 
mining development, and recreation (Utah 
Mexican Spotted Owl Technical Team 1994). 


Southern Rocky Mountains - Colorado 


Lying completely within the State of Colo- 
rado, the Southern Rocky Mountains - Colorado 
represents the northeastern extreme of the 
Mexican spotted owl's range. Few owls have been 
detected in this portion of its range, and its 
natural history in Colorado is poorly under- 
stood. However, the condition of a species being 
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scarce at the periphery of its range ts not un- 
usual. Nesting and roosting habitat may be 
polmery concerns, bur winewing heviest may ee 
an imporzant factor in this RU. Although very 
little ts known about wintering habitat, some 
data suggest that birds may winter at lower 
elevations that include a wider range of condi- 
nons than found in breeding habitats. 


Potential Threats 


In order of severity, potential threats for the 
Southern Rocky Mourtains - Colc rado RU are 
threats include land exchange, oil and gas 
leasing, mincral development, and grazing. 
Singly. these factors may have low impact, but 
high sym rgistic consequences. For example, 
much of Se urban development in Southern 
access to public lands. Road construction or 
facilities extend the disturbance, and the 
improved access increases the contact between 
people and spotted owls. The initial activity 
development threat is considered to be of low 
to moderate severity and is highest along the 
Front Range. 


Southern Rocky Mountains - 
New Mexico 


Ranking as the smallest U.S. RU, the South- 
ern Rocky Mountains - New Mexico supports 
one of the smallest known populations of 
Mexican spotted owl: as well. Existing data are 
too incomplete to cite even a crude estimate of 
the RU's spotted owl population or its density. 

The inability to provide crude population 
estimates may be partially related to the imad- 
equacy of existing survey protocols. Owl survey 
crews, following the FS Region 3 survey proto- 
col, have speculated that spotted owls in the area 
may not respond to calling surveys as predictably 
as they do in other RUs. They base this opinion 
on the lack of response to nighttime calling in 
areas where owls or young have been observed 








during subsequent davtume visits. Given that 
SUIVECYS afe aN imMportan; step in ucsignating 
PACs and the types of management permissible, 
a ts critical chat surveys have a high probability 
of detecting owls. Further, an incflective, or 
partially effective, aoudaumn 
and other agenacs ill-cquipped to 

otcatial theeats to the Mezican sported om in 
the RU. 

Recent survey efforts on the Santa Fe Na- 
tional Forest suggest that some arcas formerly 
occupied by owls appear vacant now despite the 
fact that the habitat has not been altered appre- 
ciably (T. Johnson, Las Alamos, NM, pers. 
population decline indicates the importance of 
Potential Threats 


The most serious threat to spotted owls in 
Southern Rocky Mountains - New Mexico RU is 
wildfire and, in localized areas, timber harvest. 
Fire may not be as serious in canyon systems as it 
is in other arcas because the open structure of 
are not conducive to conflagration. However, 
outside of canyons may present the greatest fire 
hazards. Although these areas may not contain 
owls, fires initiated in these forests may continuc 
into the forested canyon habitats. Personnel at 
Santa Fe National Forest have instituted an 
aggressive prescribed fire program in the Jemez 
Mountains as a way to reduce the risk of exten- 
be used conservatively in spotted ow! habitat. 

Timber harvest levels appear greatest on the 
Carson National Forest where few spotted owls 
have been confirmed. Timber harvest levels on 
Santa Fe National Forest have been reduced in 
areas where spotted owls are known to occur. 
Isolation of spotted owl pairs and small popula- 
tions distributed over large areas‘ fragmented 
landscape prompt concern because if they are 
lost, the species disappears from entire land- 
scapes it once inhabited. Since the spotted ow! 
was listed, planned timber sales have mostly 
avoided the owl's habitat. However, in the 
Vallecitos Federal Sustained Yield Unit in Carson 


lov 
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potential sported owl habitat despite urscon- 
firmed sightings of spotted owls in 1993. 

Lesser threats to the spotted owl include 
ied effects, but that may ultimately prove to 
have a large collective impact. Among them are 
unregulated fuclwood harvesting, grazing (par- 
ticularly in riparian areas), and recreation devel- 
opments at ski areas. All of these activities have 
the potential to degrade spotted ow’ habutat 
including habitat for the owl's prey. 


Upper Gila Mountains 


The Upper Gila Mountains RU contains the 
largest known number of Mexican spotted owls 
with approximately 55% of known sported owl 
territories (Ward ct al. 1995). The owl also 
appears to be more continuously distributed 
across this RU than any other (11.B). The appar- 
ent gap in owl distribution in the center of 
Figure 11.B.6 reflects incomplete information 
from Tribal lands rather than an actual disconti- 
nuity within the owl's range. 


Potential Threats 


Spotted owls throughout the RU are found 
primarily in mixed-conifer and pine-oak forests 


(Ganey and Dick 1995), often in conjunction 
with canyon terrain. The primary threats to 
and catastrophic fire, not necessarily im that 
order. Both threats could destroy forest habitat 
with the structural features used by spotted owls, 
and both could operate over large spatial scales. 
Other threats within this RU include indis- 
criminate fuelwood cutting and overgrazing by 
both wildlife an’ livestock. These threats are not 
as widespread or severe as the threats discussed 
above, but they can be significant in some areas. 
Fuclwood cutting is a problem in some areas 
gally) large oaks. These trees appear to be critical 
to owls in some areas or habitats, particularly the 
pine-oak type (Ganey et al. 1992). Fuchwood 
harvest can also result in loss of large smags and 
down logs. Both of these habitat components are 
also apparently important to the owl, either 
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among mountain ranges and gene flow among 
owl subpopulations. 

Land ownership within the Basin and Range 
- West is a mosaic of public and private lands 
(11.B). Most major mountain ranges fall under 
Federal jurisdiction, with some private 
inholdings and other lands administered by the 
San Carlos Apache and White Mountain Apache 
tribes. Much of the shrublands and grasslands 
between mountain ranges are administered by 
the FS or BLM, but a fair portion is privately 
owned. Many of these private lands are used for 
cattle, which graze both in upland and adjoining 
riparian communities. Grazing in riparian 
communities is a concern because of the poten- 
tial for negative impacts on areas that can pro- 
vide dispersal habitat amo.ig mountain ranges. 
This mosaic pattern of jurisdiction by multiple 
landholders may impede coordinated manage- 
ment efforts for the owl. 

Most land development within the RU is 
related to enhancing recreation opportunities. 
These include developing or expanding camp- 
grounds (e.g., Twilight Campground in the 
Pinaleno Mountains, the loop turn at John 
Hand Lake in the Chiricahuas) or enlarging 
roads for safety (¢.g., widening of Mount 
Lemmon highway in the Santa Catalina Moun- 
tains). Developments such as these often require 
removing trees, potentially altering owl habitat. 
Further, a rapidly increasing human population 
in the southwest portends increasing urban 
development which can potentially encroach 
upon owl habitat and also impact groundwater 
regimes, potentially impacting riparian syscems. 

Evergreen oak and pinyon-juniper wood- 
lands receive the most pressure from fuelwood 
harvest. Historical harvest of mature mesquite 
stands within the shrubland and grassland areas 
may have contributed to the demise of the 
riparian forest, thus continued harvest of mature 
mesquite in these areas may be a concern. 


Basin and Range - East 


The Basin and Range - East RU lies mostly 
within New Mexico and supports the second 
largest known number of Mexican spotted owls 
in the United States. It adjoins four U.S. and 
one Mexican RUs. Mexican spotted owls occur- 
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ring in the Sacramento Mountains have been 
exposed to various disturbances for more than a 
century. Natural disturbances include forest fires 
plus insect and disease ou-breaks. Human 
disturbances include timber and fuelwood 
harvest, grazing, land development, and recre- 
ation. The cumulative effects of these natural 
and anthropogenic disturbances have resulted in 
a landscape that differs from that existing prior 
to European settlement. The threat of these 
disturbances to the owl's persistence cannot be 
quantified at this time, but certain incongruities 
are detectable. For example, owl density is 
relatively high on FS lands, but fecundity is 
quite variable over time and annual survival is 
unknown. Thus, even though the current 
population density may be high, we know 
nothing of population trends. Further, given 
existing forest conditions in this RU, threats of 
widescale habitat loss are real and immediate. 
Consequently, active management is needed to 
alleviate these threats while ensuring that ad- 
equate habitat will exist well into the future. 


Potential Threats 


The Team categorized potential threats to 
spotted owl recovery according to magnitude. 
Major threats pose immediate potential for 
causing declines in spotted owl populations, and 
minor threats present no such immediacy. Major 
threats, in order of potential effects, include (1) 
catastrophic, stand-replacement fires, (2) some 
forms of timber harvest, (3) fuelwood harvest, 
(4) grazing, (5) agriculture or development for 
human habitation, and (6) forest insects and 
disease. Minor threats are activities not currently 
extensive in time or space but that have been 
considered potential threats to the owl. These 
include (1) certain military operations, (2) other 
habitat alterations (e.g. power line and road 
construction, noxious weed control), (3) mining, 
and (4) recreation. 

Existing dense forest conditions makes much 
of the Basin and Range - East RU vulnerable to 
catastrophic fire. Such stand-replacing fires have 
been documented in the Sacramento Mountains 
since the 1950s and continue to the present 
(e.g., the Burgett and Bridge fires in 1993 and 
1994, respectively). Similar fires occurred in the 








Smokey Bear Ranger Districc (Hanks and Dick- 
Peddie 1974) and other mountain ranges in the 
Basin and Range - East RU (Plummer and 
Gowsell 1904, Moody et al. 1992). Failure to 
address chis potential for fire by reducing fuel 
levels and fuel continuity will inevitably lead to 
more and larger fires resulting in the continued 
loss of owl habitat. 

Past timber harvest practices have left a few 
remnant old-growth stands and residual pockets 
of pre-harvest trees in the Sacramento Moun- 
tains. Trees older than 200 ybh (years at breast 
height) can be found in these remnant stands 
and pockets. Many of these stands, however, are 
small (<4 ha [10 ac]) and exist as smaller groves 
amid the younger coniferous forests. Our obser- 
vations indicate that these remnant patches are 
critical to the Mexican spotted owl, particularly 
for nesting and roosting. This situation is similar 
to spotted owl use of second-growth redwood in 
northern California. Both cases should be 
viewed as exceptional and regionally dependent 
processes. Regardless, many of these older 
patches are on the verge of senescence and 
decline. Few patches are on a trajectory to 
replace remnant patches as they are lost in the 
short term. Thus, timber harvest in the immedi- 
ate future must avoid altering these remnant 
patches in such a way as to accelerate their 
decline. Rather, forest management must strive 
to create replacement patches as quickly as 
conditions allow to ensure that these unique 
habitat patches are sustained through time. 

Insects, plant pathogens, and dwarf mistletoe 
comprise a third important agent of forest 
distu: bance in the Sacramento Mountains 
(Plummer and Gowsell 1904, Stevens and Flake 
1974, Hessburg and Beatty 1986, Hawksworth 
and Conklin 1990, Archambault et al. 1994). 
Principal organisms are western spruce bud- 
worm, round-headed beetle, white pine blister 
rust, dwarf mistletoe, Phellinus schweinitzii, and 
other fungi. These organisms operate at scales 
ranging from single trees to landscapes. Not only 
are insects and tree diseases fundamental deter- 
minants of forest structure and function 
(Attiwell 1993, Haack and Byler 1993), but 
forest structure and composition influence 
population leveis of these organisms. As a result, 
the dense forest conditions existing in the 
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Sacramento Mountains have aliowed some 
insects and diseases to increase from endemic to 
epidemic levels. Clearly, forest management that 
decreases forest density, primarily by thinning 
from below, will help to control populations of 
some of these organisms. 

Grazing by domestic livestock and elk in this 
RU has altered botanical cover, specifically plant 
composition and structure. Range management 
has been oriented toward domestic livestock and 
other wildlife goals, but not for the owl. Regard- 
less of its past orientation, grazing can affect owl 
habitat and prey populations in conflicting and 
poorly understood ways (IID). Effects of grazing 
are largely manifested in meadow and riparian 
areas, but effects within forests cannot be easily 
discounted. Implementation of the grazing 
recommendations (provided above) are needed 
to understand and address potential effects of 
grazing on the spotted owl. 

Agriculture and concentrated human devel- 
opments occur in the Rio Grande Valley and to a 
lesser extent in the Sacramento Mountains. Both 
may affect dispersing or wintering owls by 
reducing the spatial extent of habitat. Manage- 
ment that emphasizes the restoration of riparian 
forests may benefit both resident birds in the 
Sacramento Mountains and birds migrating 
between mountain ranges. 

At present, the Team considers the impacts 
of recreation to be of minor importance to the 
RU’s spotted owls; but we have no studies or 
documentation to substantiate our position. 
Recreation noise from motorcycles and snowmo- 
biles has been implicated as a potential threat. 
Indirect habitat disturbance from recreation may 
occur on a local scale but is also undocumented. 
Other activities include camping, hiking, 
birding, hunting, off-road vehicle use, 
snowmobiling, and skiing. Many private land 
inholdings are sum ner homes or camps and are 
also a source of recreation in spotted owl habitat. 


Mexico 


Presently, limited information on the biology 
of the Mexican spotted owl and on land manage- 
ment acuvities within Mexican RUs precludes 
the provision of extensive management recom- 
mendations. However, the information available 





indicates that spotted owls use forest types not 
typically found in the United States and that 
land-management practices differ substantially 
in Mexico from those in the U.S. The Team 
proposes that the general recommendations be 
applied within the Mexican RUs where appro- 
priate. The Team strongly recommends that RU 
working teams (see Part IV) develop manage- 
ment recommendations for Mexico more fully. 

The Mexican spotted owl is typically found 
in montane habitats where the vegetation is 
dominated by pines and oaks. Although spotted 
owls in the U.S. also use pine-oak forests, they 
vary somewhat in composition and structure 
from similar forests in Mexico. However, within 
Mexican pine-oak forests, spotted owls appear to 
favor canyons, as they do in many of the areas 
used in the U.S. 

Because social and economic systems in 
Mexico differ from those in the U.S., activities 
that take place within potential spotted owl 
habitat differ somewhat between the two coun- 
tries. Whereas grazing, fire, timber harvest, and 
fuelwood harvest are threats common to both 
countries, other threats are unique to Mexico 


and some to specific RUs. 
Potential Threats 


Sierra Madre Occidental - Norte-—The pri- 
mary threat is land conversion for subsistence 
agriculture. Impacts of this threat include the 
loss of spotted owl habitat, soil loss, and erosion. 
A related threat is overgrazing by livestock. 
Historically and through the present, forest 
lands have been cleared to create pastures for 
cattle; the cumulative effects of these practices 
have modified spotted owl habitat. Although 
extensive timber harvest occurs within this RU, 
most harvest occurs in the uplands and is not a 
direct threat to spotted owls found in canyons. 
Whether or not timber harvest indirectly affects 
the owl is unknown, but could be a concern 
worth addressing through research. 


Sierra Madre Oriental - Norte.-—Vimber 

harvest and grazing are the primary threats 
within this RU. The main effects of these threats 
is to further fragment an already disjunct popu- 
lation. 
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Sierra Madre Occidental - Sur.—Primary 
threats within this RU are fuelwood harvest, 
timber harvest, charcoal production, grazing, 
and agricultural development. Fuelwood harvest 
often entails cutting snags and the harvest of 
riparian plant species, both of which are critical 
components of spotted owl habitat. Timber 
harvest in itself is not a direct threat to spotted 
owl habitat. However, harvest methods that 
entail rolling logs from higher to lower sites 
result in soil loss and erosion, thereby affecting 
the habitat of the owl and its prey. Fire is con- 
sidered only a moderate threat because of the 
disjunct distribution of owls in canyons and 
because limited efforts towards fire suppression 
have allowed natural fire regimes to persist. Fire, 
however, can possibly destroy spotted owl 
habitat under the right conditions. Livestock 
graze throughout the year within spotted owl 
habitat, and the cumulative effect of this grazing 
affects prey habitat and spotted owl habitat 
structure. Type conversion of forests for agricul- 


ture also occurs within this RU. 


Sierra Madre Oriental - Sur. —The potential 
threats in this RU parallel those within Sierra 
Madre Occidental - Norte RU. The primary 
difference is that this RU probably contains the 
best and most extensive habitat within any of the 
Mexican RUs, thus threats can occur over a 
much greater area. 


Eje Neovolcanico.—The primary threats in this 
RU are those associated with population expan- 
sion and industrial development. Specifically, 
industrial development can lead to loss of habitat 
and an increase in pollution. Other threats 
include management to control insects and 
disease, fire suppression, grazing, and agricul- 
tural development. 
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C. MONITORING PROCEDURES 


The Team has assimilated, reviewed, and 
analyzed data generated by the Mexican Spotted 
Owl Monitoring Program of FS Region 3. We 
have also compiled and reviewed data from the 
BLM and the FS Region 4 in Utah, and FS 
Region 2 in Colorado. Here, we offer an alterna- 
tive design for monitoring the Mexican spotted 
owl population within the three core RUs. We 
also provide recommendations for monitoring 


habitat throughout the owl's range. This pro- 
posed monitoring program will evaluate popula- 
tion and habitat trends as required by the criteria 
for delisting the species (IIIA). The philosophy 
of our proposed monitoring scheme is to mea- 


sure the critical variables--changes in owl num- 
bers and changes in habitat--needed for delisting 
the species. 

For the purposes of recovery and under- 
standing effects of land management activities 
on the Mexican spotted owl, monitoring should 
determine with adequate reliability temporal 
changes in the owl population and its habitat 
when in fact such changes are occurring. An 
effective monitoring program requires measuring 
changes in habitat quantity, estimating popula- 
tion size of territorial owls, and determining key 
demographic parameters including survival, 
recruitment, and reproduction, all of which 
influence population size. 

Habitat monitoring will rely heavily on both 
remote-sensing of habitat across the range of the 
bird and field measurements of habitat variables 
before and after treatments. Population monitor- 
ing is based on mark-recapture theory and 
Cormack-Jolly-Seber modeling approaches, 
similar to Pollock's robust design approach 
(Lefebre et al. 1982, Pollock 1982, Kendall and 
Pollock 1992). To our knowledge, a systematic 
habitat monitoring approach as extensive and 
intensive as the one we propose has never been 
implemented. In contrast, a prototype design for 
population monitoring was implemented in 
Olympic National Park, Washington (Noon et 
al. 1993, E. Seamen pers. comm.) to monitor a 
northern spotted owl population. 
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Accurate and efficient protocols for both 
habitat and population monitoring require pilot 
studies to estimate recapture probabilities, and to 
estimate variances associated with each of the 
population parameters and each of the habitat 
variables. For population monitoring, these 
estimates can then be used to determine optimal 
quadrat size and numbers of quadrats required 
within predefined strata and RUs. Funding was 
allocated in 1994 to further refine the proposed 
population design with a small field trial involv- 
ing four quadrats. Results of this field trial 
validated the study design provided qualified 
personnel conduct the work (May et al., in 
press). A larger pilot study is needed to refine 
parameter estimates for actual implementation 
of the proposed design. For habitat monitoring, 
separate pilot studies will be needed to establish 
sampling designs, including sample size require- 


ments. 
HABITAT MONITORING 


The habitat delisting criterion states that 
habitat monitoring must be implemented (1) to 
track changes in the quantity of macrohabitat 
and (2) to verify that microhabirat changes 
within treated stands meet the intent of the 
Recovery Plan. Thus little, if any, owl habitat can 
be lost if this goal is to be met. Further, habitat 
quality cannot decline significantly. A concern of 
the Team is that habitat quality cannot be 
adequately assessed, particularly with remote- 
sensing data. To alleviate this concern, our 
recommendations also include field measure- 
ments of microhabitat characteristics within 
treated stands. However, we reiterate that 
macrohabitat quantity should also be monitored 
on a rangewide basis. 


Macrohabitat 
The purpose of rangewide monitoring is to 


track gross changes in habitat as the result of 
disturbance, from both natura! (c.g., fire) and 








anthropogenic (e.g., timber harvest, prescribed 
fire) causes. Given the extent of the area to be 
monitored, remote-sensing technology will be 
required. An imagery baseline should be estab- 
lished within six months of Recovery Plan 
approval using LANDSAT Thematic Mapper 
imagery (currently available in the FS Region 3 
Geometronics Remote-Sensing Laboratory). The 
imagery for potential owl habitat and surround- 
ing areas should be aggregated, georeferenced, 
and merged with vector map data to provide 
image maps. These image maps may be used 
both as general planning tools and as a baseline 
for detecting change. The 30-m (98-ft) spatial 
resolution of the LANDSAT Thematic Mapper 


imagery is adequate to detect both anthropo- 
genic and natural change across large land areas. 


Changes that can be detected include wildfire 
scars, timber harvests, gross changes in forest 
health, and possibly the addition or removal of 
roads, large developments and other cultural 
features, and fluctuations in grazing practices. 

In a standard change-detection analysis, two 
image data sets are co-registered and then sub- 
tracted from each other. The resulting difference 
image highlights changes across the area covered 
by the image data sets. An additional image data 
set will need to be purchased in the future to 
perform change detection. The additional data 
set may be either LANDSAT Thematic Mapper 
(TM) data or LANDSAT Multispectral Scanner 
(MSS) data. A TM data set would be preferred, 
but MSS data could be substituted and would 
provide adequate spectral and spatial resolution 
to perform useful change detection. 

The baseline TM data set can also be used to 
develop a generalized regional vegetation cover 
map, using standard supervised and unsuper- 
vised image classification techniques with TM 
bands 4, 3, and 2. The literature indicates that 
the 4,3,2 band combination is most useful for 
vegetation analysis. Developing a vegetation map 
would also require the integration of 1:250,000 
digital elevation data to account for the effects of 
varying slope aspects and clevation on vegetation 
patterns. 

Texture analysis techniques may be used to 
assess vegetation structure and density across 
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large areas using either the LANDSAT TM or 
MSS data. While texture analysis applications in 
vegetation analysis have appeared frequently in 
the literature, the methodologies are not as 
widely accepted as image classification tech- 
niques, so they must be considered experimental. 

Given the resolution possible with the tools 
and information available, remote sensing 
monitoring techniques will provide an estimate 
of macrohabitat trend. Within five years of 
creating the imagery baseline, participating 
agencies should produce a report assessing 
changes in vegetation composition, structure, 
and density. This will provide an interim check- 
point to determine if the delisting criteria can be 
met at the end of 10 years. 


Microhabitat 


Microhabitat monitoring is required because 
remote sensing is largely insensitive to subtle 
intra-stand changes that may enhance or degrade 
owl habitat. Microhabitat monitoring will entail 
measuring habitat variables before and after 
silvicultural or prescribed fire treatments de- 
signed to maintain, improve, or create owl 
habitat. This monitoring is to verify that treat- 
ments (silviculture, fire) are meeting their stated 
objectives. We acknowledge that many treated 
stands will not meet the desired future condition 
in 10 years, but the trajectory on which a stand 
is placed can be modeled to evaluate if it is 
moving towards owl habitat. This knowledge is 
needed to demonstrate that any short-term losses 
in macrohabitat will be partially offset as stands 
mature into owl habitat. If adequate acreage of 
vegetation is moving towards owl habitat, our 
confidence in long-term habitat stability will 
be enhanced. 

Sampling units will be treated stands. Within 
these stands, an adequate number of vegetation 
sampling points must be established. The exact 
number of sampling points needed will be 
dictated by the most variable characteristic 
(likely snag density; Bull et al. 1990). Points 
should be sampled prior to initiating a treat- 
ment, resampled following the treatment after 
allowing adequate time for the area to equilibrate 





from temporary disturbance effects, and then at 
five-year intervals. The variables measured can 
then be input into a vegetation model to esti- 
mate stand characteristics at different points in 
time. 

At a minimum the following variables 
should be measured and assessed: (1) tree diam- 
eters by species, (2) tree basal area by species, (3) 


size-class distributions of trees, (4) log volume by 


size class, (5) canopy cover, (6) snag diameter, 
and (7) snag basal area. We strongly advocate 
that additional variables be included that might 
be relevant to monitoring other ecosystem 
attributes. The return in critical monitoring 
information derived by expanding the variables 
measured would far outweigh any additional 
costs, assuming that the new variables are not 
highly correlated with the variables suggested 
above. 


POPULATION MONITORING 


Monitoring habitat as a singular effort will 
not adequately reveal the true status of the owl 
population. Relatively long-lived birds with a 
high (-0.89) adult survival, Mexican spotted 
owls may live 16 years or more once they reach 
adulthood. However, an intense period of 
mortality during the first year could produce 
population consequences that habitat monitor- 
ing would not detect. Habitat quality could 
decline from various natural processes or anthro- 
pogenic activities, yet the territorial population 
would remain unchanged because of site fidelity 
among existing birds and recruitment of floaters. 
Young might still be produced, but would not 
survive to be recruited into the territorial popu- 
lation because of poor habitat quality, limited 
habitat availability, or because their inexperience 
would not allow them to survive and disperse 
during their first year. 

A limitation of this proposed monitoring 
scheme (and all known approaches) is that only 
territorial birds are monitored. The total or 
proportional number of floaters (sensu Franklin 
1992) remains undetermined and unmonitored 
relative to the target population. 
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Because nonterritorial birds are not directly 
monitored, we want to guard against an unde- 
tected decline in the total population of spotted 
owls when the territorial population remains 
stable. We suggest the following procedures to 
evaluate trends in the nonterritorial population. 
First, the age of birds that establish territories 
will indicate the size of the nonterritorial popu- 
lation. If new territorial birds are only one year 
old, then they have never existed as floaters in 
the population. Thus, a decline in the age of 
territorial birds suggests that the nonterritorial 
population is low or declining (Franklin 1992). 
Second, the presence of unfilled territories would 
suggest that an inadequate floater population 
exists, and hence that a decline in the population 
is taking place. 

In the following, we outline a suitable 
framework and statistical estimation approach 
for monitoring owl populations in 3 RUs. 
However, critical design and sampling details, 
such as sample sizes and delineation of strata, 
have been omitted, and must be developed by an 
implementation team as data become available 
to mabe those decisions. 


Target Population 


The target population for the abundance 
estimate is territorial Mexican spotted owls 
(exclusive of floaters) in the Upper Gila Moun- 
tains, Basin and Range - West, and Basin and 
Range - East RUs. Thus, all potential owl habitat 
in these 3 RUs must be included in the sampling 
frame. All land management jurisdictions are 
encouraged to cooperate in providing access and 


resources to monitor the entire owl population 
Sampling Units 


Sampling units will consist of 50 to 75 km* 
(19 to 29 mi’) quadrats randomly allocated to 
habitat strata. Quadrats will be defined based on 
ecological boundaries such as ridge lines and 
watersheds to reduce edge effects. Selection of 
quadrat boundaries must emphasize edges that 
are unlikely to traverse owl territories, so that the 
errors of including a territory in multiple quad- 








rats or in no quadrat do not occur. The exact 
number of quadrats and their size will depend 
on the specifics of implementing the monitoring 
scheme and results of pilot studies. 

In general, the population monitoring 
scheme will require: (1) determining strata that 
represent different owl densities or habitat types 
occupied by owls within each RU; (2) determin- 
ing quadrat size which should be sufficiently 
large to reduce edge effects and small enough to 
allow a minimum of four surveys per quadrat in 
the survey season limited to | April to 30 August 
(initial approximation of quadrat size is 50 to 
75 kav [19 to 29 mi} [May et al., in press}); 

(3) defining the sampling frame of quadrats in 
each stratum such that quadrats are relatively 
equal in size and have boundaries selected to 
minimize edge effect; (4) selecting a random 
sample of quadrats from cach stratum the first 
year, and then randomly replacing 20% of the 
sampled quadrats cach year with quadrats 
randomly selected from the currently unsampled 
quadrats (with quadrats in the initial sample 
potentially removed, and then possibly included 
in the sample again at a later time); and (5) 
developing protocols for conducting field 
surveys (likely different from past FS protocols 
because of the different goal of the proposed 
procedure from past goals). 


Sampling Procedures 
Stratification 


LANDSAT multispectral scanner imagery 
with 30-m spatial resolution would be suitable 
for defining habitat strata within each RU, and 
thus the sampling frame of quadrats for each 
stratum. Approximate density of territorial owls 
within strata can then be used to allocate survey 
effort (number of quadrats) to strata. The 
optimum allocation of survey effort is one that 
would minimize erroncous estimation of spotted 
owl abundance. Optimal allocation of quadrats 
to strata will probably not be in proportion to 
strata size. More likely, optimal allocation will 
mean that a higher percentage of quadrats in 
strata with high owl densities will be sampled. 
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Optimal allocation might also take into account 
the cost per quadrat because of potential differ- 
ences in the cost of measuring quadrats within 
different strata. Strata should be computed both 
as projected (ignoring topography) and as 
surface (incorporating topography) areas because 
differences in topography affect vegetation type. 


Selection of Quadrats 


Within strata, quadrats will be randomly 
selected for inclusion in the sample. We suggest 
that 80% (randomly selected) of the previous 
year's quadrats be revisited the following year. 
The other 20% of the previous year's quadrats 
should be removed from the sample, and a 
replacement sample of quadrats not sampled the 
previous year should be substituted. Quadrats 
removed one year can included in the sample in 
following years provided that it is randomly 
selected anc that at least one year has elapsed 
since it was last sampled. This procedure means 
that the average number of years that a particular 
quadrat remains in the sample is 4.5 years. 
Inclusion of new quadrats into the sample each 
year guards against management practices within 
the sampled quadrats not being representative of 
those practices occurring elsewhere. This rota- 
tion of quadrats included in the sample will 
provide a smaller variance because observations 
are correlated across time and many quadrats will 


be sampled repeatedly, but still provides a 
representative sample of the available quadrats. 


Sampling Within Quadrats 


Sampling procedures within a quadrat will 
include (1) assigning survey stations to ensure 
adequate coverage and a standardized density of 
such stations among quadrats; (2) allowing for a 
minimum of four complete (i.c., all call points 
sampled) surveys through each quadrat; (3) 
conducting nighttime surveys from survey 
stations to map general locations of spotted owls 
and to estimate per-visit detection probabilities; 
and (4) conducting daytime (auxiliary) surveys 
and mousing to find roosting and nesting 
spotted owls, determine if a mate not detected 








during nighttime survey is present, determine 
number of young present, and capture and 
color-mark all sported owls found. For cach 
spotted owl found, the center of its activity area 
must be determined as cither in or out of the 
quadrat. 

ciency in locating spotted owls. We recommend 
that nighttime surveys be conducted within 3 
hours following sunset. Owls detected at dusk 
are near diurnal roosts and thus provide an 
optimal starting point for confirming pairs and 
daytime surveys should begin at or near sunrise 
(preferably just before) as owls are returning to 


their roosts. 
Banding Birds 


Marking individual birds with FWS leg 
bands and color bands for visual identification 
provides greater validity in the estimation of the 
owl population size on the quadrat because the 
assumptions of the mark-recapture methods can 
be tested. Conceivably, owl population size on 
quadrats with high densities of owls might be 
underestimated without banding because two 
different birds might be counted as only one. 
Conversely, on quadrats with low densities, a 
single bird might be counted as 2 birds, biasing 
the population estimate high. Individually 
marking birds will climinate some of this poten- 
tial bias. Second, banding birds is necessary to 
estimate annual survival on quadrats that are 
sampled for two consecutive years. Third, 
capturing birds allows more careful aging of 
individuals; hence, the resulting age structure 
data are more useful in assessing the impact of 
floaters in the populacion. Finally, minimum 
estimates of dispersal and emigration from the 
quadrat can be assessed with banded birds that 
are located off the quadrat. Although the cost of 
the populstion estimation procedure may be 
increased by up to 40% by individually marking 
birds (May et al., in press), the Team feels the 
additional information and rigor provided by 
marking birds is justified. 
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Noon et al. (1993) provide the following 
statistical ° discussior } 1. 





Estimation of Capture Probability 


The described spotted owl surveys will 
provide data regarding the number of territorial 
owls detected and determined to have their 
activity centers within the survey plots. It is 
unlikely that all owls with activity foci lying 
within these plots will be detected, and capture 
probabilities will therefore be less than 1. Cap- 
ture is defined as cither physically capruring and 
uniquely marking an individual or resighting its 
unique color band combination without physi- 
probabilities must be estimated to “correct” the 
count statistics and reflect the true number of 
territorial birds with activity centers within 
quadrat boundarics. 

Per-visit capture probabilities can be esti- 
mated using data on the capture histories of 
individual owls on the quadrats. The four 
surveys will be conducted during a relatively 
short period, so it is appropriate to ue capture- 
recapture models for closed populatic as (e.g. 
Otis et al. 1978, White et al. 1982, Pollock et al. 
1990). Per-visit capture probabilities may vary by 
visits, strata, RUs, and years. However, substan- 
tial gains in the precision of capture probability 
estimates would be achieved if they could be 
estimated using data pooled over visits, strata, 
RUs, or years. Standardized survey protocol 
within and among quadrats using field crews 
with communal training should decrease the 
variation in per-visit capture probabilities. 

Heterogeneity of per-visit capture probabili- 
ties across individuals should be examined. If 
heterogencity is found, estimators developed 
under model M, of Otis et al. (1978), such as 
the jackknife (Burnham and Overton 1978, 
1979) and Chaos (1987, 1988, 1989) estimator 
are appropriate. If heterogencity is not serious, 
models with data pooled over visits, strata, RUs, 
and years should be considered. 

Capture probability estimates resulting from 
these modeling efforts will pertain to the prob- 





ability of detecting and capturing an individual 
spotted owl during a single survey visit. Capzure 
history data, and hence the capture probability 
estimates, will be restricted to those spotted owls 
with a nest or focus of activity within the area 
dure (see below) actually requires an estimate of 
the probability of detecting and capturing a 
spotted owl at least once during an entire season. 
Given owl presence, the estimated probability of 
detecting and capturing an owl during the 
season using surveys is given by 


p, = 1-(l- py. 


where p, is the probability of detecting and 
capturing a spotted owl at least once during 

& visits, and p is the single-visit capture probabil- 
ity. 

The above scheme for estimating capture 
probability should work well with owls initially 
detected from survey points within the quadrat. 
However, these capture probabilities are not 
applicable, by themselves, to other pair members 
found during daytime visits or to spotted owls 
located other than by calling from survey points. 
To include data from pair members located 
during daytime visits, we consider their capture 
probability as the product of the probability of 
capturing a pair member from survey points 
times the probability of capturing the other pair 
member during a daytime visit given capture of 
one mate from survey points. The first probabil- 
ity in this product is obtained using capture 
histories (i.c., capture probabilities) of birds 
detected from survey points as previously de- 
sctibed. The second, conditional probability 
must be obtained using data from daytime visits 
and captures only. 

Auxiliary or daytime visits can be viewed in 
the context of removal modeling (e.g.. Zippin 
1956, 1958; Oris et al. 1978; Ward et al. 1991). 
The primary purpose of daytime visits is to 
determine pair and breeding status of birds 
detected from survey points. Auxiliary visits may 
or may not be terminated after capture of the 
mate, depending on whether data on reproduc- 
tive success is adequately obtained. 
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Estimation of Density Per Quadrat 


Each quadrat requires two parts to the 
estimation process. First, estimation of apparent 


which is the total number of spotted owls 
detected and having activity centers in quadrat / 
(n), based on both survey (#) and auxiliary (7) 
visits divided by the area of the quadrat (2). 
Next, apparent density is adjusted for those 
spotted owls that maintain an activity center 
within the quadrat but were not detected during 
a survey visit. The adjustment for the survey visit 
is the reciprocal of p,, the probability of a 
spotted owl being captured at least once on a 
given survey based on & visits to quadrat 7. Note 
that p, pertains only to the #i animals detected 
during the survey point visits of quadrat 7, not to 
birds detected on auxiliary visits. If auxiliary 
visits are made to determine pair or reproductive 
status, any additional pair members that are 
detected contribute to the density estimate for 
quadrat 7. As discussed previously, their capture 
is conditional upon an initial capture from a 
survey point. To adjust the count of the # owls 
detected on quadrat / during auxiliary visits, we 
divide the count by the probability of detecting a 
pair member during 4 auxiliary visits (p, ), given 
detection and capture of its mate from survey 
points. Thus, we would estimate density on 





quadrat / as eo @ 
a 
Estimation of Density Per Stratum 


Once we have density estimates for cach 
quadrat within a stratum, they can be combined 
into an overall mean estimate of density for the 
stratum. Because quadrats are not the same size, 
weighting of the quadrat density estimates by 


atea is essential, so that 


pe kad 


24. 








where m_is the number of quadrats in stratum j. 
To obtain population size estimates for cach 
stratum (7), multiply by the area of the stratum 
(A) so that N = D - A. Note that A may change 
through time as habitat changes and quadrats are 
moved from one stratum to another. 

An estimate of overall abundance for RU w is 


then N = > A. whee m_is the number of 


strata in RU w. 
Variance Estimators 


With stratified-random sampling, we usually 
have simple variance equations because the 
stratum means of totals are independent between 
straty. Here, this is not the case because correc- 
tions for spotted owls not seen are common 
across strata and induce the need for covariance 
terms. These variance equations will need to be 
developed. Specific closed-formed solutions may 
not be possible for the variance estimates. Thus, 
estimating the variance components by boot- 
strap methods may be more feasible. 


Cormack-Jolly-Seber Models 


Cormack-Jolly-Seber (CJS) models 
(Lebreton et al. 1992) can be used to estimate 
age-specific apparent survival (@ ) and recruit- 
ment to the territorial population (8). We 
suggest using CJS modeling procedures as 
outlined by Lebreton et a.. (1992), Burnham 
and Anderson (1992), Pollock et al. (1990), and 
Burnham et al. (1987). This approach is demon- 
strated by White et al. (1995) for the analysis of 
data from the demographic study areas. We 
suggest that data from all quadrats within a 
stratum (or even larger area) can be pooled to 
estimate apparent survival and recruitment. 

Both the apparent survival (@) and recruit- 
ment (B) are biased estimates of true survival (5) 
and true recruitment rates because the quadrats 
do not have geographic closure. For survival, 
= S- FE, where EF is the emigration rate off the 
quadrats. For recruitfient, B « R + /, where R is 
true recruitment and / is immigration onto the 


quadrats. If the area of the combined quadrats 


were used in a single demographic study area, 
the bias of @ and B would be smaller because the 
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probability of birds emigrating off of and immi- 
grating onto a large single area would be smaller 
than for a collection of small quadrats represent- 
ing the same area. However, if we assume that 
this bias is somewhat constant across time, then 
tests for changes in @ and B across time with 
models such as 0, as demonstrated by Burnham 
et al. (1994) provide a potent tool to assess 
changes in these population parameters through 
time. The optimal size of quadrats is dictated by 
keeping them large enough that reasonable 
estimates of the number of territorial birds 
present can be accomplished, while small 
enough so that an adequately large sample of 
quadrats is possible to estimate precisely the 
among-quadrat variation. 

We would not suggest that 0 and B be used 
to compute A in a Leslie matrix model as was 
done with the demographic study areas by 
White et al. (1995). Biases caused by emigration 
and immigration make any estimate of A com- 
puted from these parameters biased as well. 
Furthermore, the main objective of the quadrat 
surveys is to provide an unbiased estimate of the 
total number of territorial owls so that an 
unbiased estimate of A can be obtained as 
a= NIN. 

Estimates of juvenile apparent survival 
obtained from the CJS model with banding data 
from juvenile spotted owls will probably not be 
useful from the pooled quadrat survey data 
hecause the emigration rate of this population 
segment will be quite high as they disperse away 
from their natal territories. 


Personnel 


Quality work cannot be completed without 
capable people who desire to perform well. Owl 
surveys are difficult to conduct. To achieve 
accurate survey results requires a certain combi- 
nation of physical and mental traits. The ideal 
candidate for spotted ow! survey work must be 
physically capable of negotiating difficult terrain 
and doing so after dark. The mental demands 
include the intellectual capacity to understand 
the nuances of the work, the perseverance to 
succeed under adverse conditions, the ability to 
follow directions, and the discipline to be 








patient. Rigorous training to certify people to 
conduct monitoring is a critical step to ensure 

Restrictions on duration of work day, night 
time work, and camping near survey sites can 
lead to inefficiency. Effective inventory and 
monitoring may often require personnel! to 
survey between dusk and 2300 hrs and prior to 
sunrise the next morning if an owl is detected 
the previous night. Not permitting camping at 
sites or not allowing more than 8-hour work 
days is an ineffective survey strategy. Thus, cost 
and effort for determining occupancy or repro- 
duction in a given territory may be doubled or 
marked ridge lines at night (i.c., off roads) may 
result in inadequate survey of an arca. Compe- 
tent, qualified, cager personnel can conduct such 
activities safely and with desired results as dem- 
onstrated by May et al. (in press). 


Traini 


Trainirg is the most important mechanism 
for ensuring quality data and standardization. 
the FS should continuc, but in a more intense 
fashion High-quality photographic media, 
including video tapes of proper procedures, 
should be incorporated. Use of a map, compass, 
and GPS system, and recording spatial informa- 
tion with Universal Transverse Mercator (UTM) 
coordinates (Grubb and Eakle 1988) are critical. 
Additional training for recording information on 
data forms, maps, and in an electronic data base 
is required (sce below). Certified owl biologists 
should be tested routinely on their ability to 
complete data forms and plot locations correctly. 


A standardized procedure for storing all informa- 


tion also needs to be developed and enforced. 
All training must be reinforced with ad- 
equate (4-day minimum) field exercises followed 
by periodic reinforcement of learned skills. 
Although initial skills may be provided with the 
certification process, reinforcement through 
feedback on procedures and results is required. 
An electronic data entry program will help to 
standardize inputs and reinforce proper docu- 
mentation procedures. Such a routine will also 
indicate progress of the monitoring program and 
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identify personne! or administrative units that 
need additional traint.sg. Further, additional 
gram supervisors to review ficld procedures. 
Incorrect observations may not necessarily be 
detected on data forms. 

We also suggest a greater emphasis on 
identification of spotted owl age classes (juvenile, 
subadult, and adult) as described by Forsman 
(1981) and Moen et al. (1991). This valuable 
information may be obtained if observers take 
binoculars on surveys. Information on age 
changes in demographic trends. 

All survey routes and results need to be 
summarized in a standardized manner on media 
that can be entered into a Geographic Informa- 
tion System (GIS). Thus, field personnel will 
require training on use of map, compass, and 
GPS. In addition, a standardized map system 
and symbol set is paramount. We recommend a 
7.5° USGS topographic map. This map type is 
readily available in paper and dig‘tal form. We 
also insist that field personnel record UTM 
coordinates. This will allow rapid updating of 
digital maps of owl locations. 


Computerized Data Entry and 
5 7 


A major weakness of past inventory and 
monitoring programs has been the lack of 
accessibility to data; as a result, few summaries 
and analyses were prepared. This scarcity of data 
examination appears to be due to the lack of a 
central, accessible, computerized database where 
field forms are regularly entered for computer 
analysis. Field workers submitting data forms but 
not receiving feedback from their efforts nor a 
copy of the master database for them to review 
leads to errors that are difficult to rectify retroac- 
tively. We suggest that field workers who collect 
the data should also be responsible for data entry 
into a standardized computer form. The benefits 
would be rwotold. 

First, a computerized data entry form would 
guarantee that only admissible codes are used 
because invalid codes would not be accepted by 
the computer, and correct entries would be 








needed in all data fields before the user cold 
proceed. Quality control would be facilitated via 
an interactive computer data entry interface. 
With such a data entry program, data from 
diferent jurisdictions of all involved land man- 
agement entities would be compatible. 

Second, once the data have been entered, 
summaries can be produced with standard 
summary programs. At a minimum, ficld work- 
ers should be able to produce summaries of data 
they entered, and make comparisons with past 
main reason for this instant feedback is to 
encourage field personnel to examine their own 
data plus get a temporal and spatial perspective 
of existing data. Field workers would have a 
much better picture of how their data fit into the 
overall effort and would have access to data in 
the master database. Simple graphs and tabular 
summaries should be available via a menu 
system. This feedback would also promote 
greater cooperation in future surveys and makes 
the field worker feel a part of the complete 
process, 

Creation of a master database on an acces- 
sible computer network (such as the World Wide 
Web [WWW] on Internet) has another, less 
apparent, benefit for the program. From this 
master database, region-wide summmarics could 
be geacrated. Annual summaries would help 
devect trends in the data. Sophisticated statistical 
analyses could be programmed to implement 
tests for trends in the data. Safeguards would be 
necessary te limit access to the data, particularly 
sensitive site locations, to only authorized 
persons. Fivsally, scrutiny by outside reviewers 
would improve the integrity of the database. 

To implement the above scheme, two picces 
of software need to be written. The first is the 
data entry system, for which extensive error 
checking should be coded into the software. 
Data entered by a field worker would be ap- 
pended to the master data file only ofter passing 
a stringent series of integrity checks. The second 
is a data summary program that would be menu 
driven and allow the user to summarize his/her 
own data plus other data of interest. We presume 
that modern PC computer software systems and 
access to a computer network should make this 
software development fairly easy. Once the field 
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season is completed, cach land management 
entity and their respective subunits should be 
able to obtain graphical summarics as well as 
statistical summaries in tabular form. 


Costs 


principal investigator to design this survey and 
will be necessury for supervising study logistics 
and field technicians will be required to conduct 
surveys. In addition, while models exist for 
some independent work. All field personnel 
hired to conduct the pilot study and subsequent 
monitoring program must be qualified and 
trained. 

Our initial estimate of the costs to fully 
implement the proposed monitoring scheme 1s 
approximately $1.2-1.5 million per year. Based 
on the delisting criteria, monitoring must 
continue for a minimum of 15 years. 

Costs for implementing macrohabitat 
monitoring are *aknown. However, much of the 
needed remote-sensing coverage exists of is being 
obtained as a tool for implementing ecosystem 
manageme at. Thus, additional costs attributable 
to the spotted owl should be minimal. Costs of 
implementing microhabitat sampling are diffi- 
cult to estimate without knowledge of the 
number of plots to be sampled. We assume, 
however, that sampling an area pre- and post- 
treatment is already required as a standard part 
of activity implementation; consequently, the 
cost attributable to owl monitoring would entail 
variables specific to the owl, Thus, the total costs 
of habitat monitoring should be relatively 
minimal beyond that already required of in the 


process of being developed independent of the 
spotted owl. 


Potential Experiments 
Many habitat variables important to Mexi- 


can spotted owls cannot be monitored by remote 
sensing. Further, it is important to ensure that 








adequate habitat is provided for key prey as well. 
Thus, we propose some potential experiments 10 
relate habitat conditions to owl populanon 
dynamics where key habinat characteristics would 
be measured on the ground. On-the-ground 
monitoring of relevant habitat characteristics 
would quantify their change at a local (ic. 
within quadrat) scale and relate them to owl 
populanion dynamics. 

Populanon monitoring based on randomly 
selected quadrats provides the opportunity to 
conduct experiments to extend our knowledge of 
the impact of habitat manipulation on Mexican 


sible, and reliable results (sem Murphy and 
Noon 19/1). Quadrats within the monitoring 
design may serve as experimental units for 
examining the effects of furure management 
such as fires, grazing, timber harvest. and recre- 
ation. 

Given that a treatment is identified prior to 
its occurrence, Vegetation measurements can take 
place on the site of the expected treatment and a 
second, control quadrat that is sclected based on 
its similarity to the expected treatment quadrat. 
This experimental design is not a true experi- 
ment, because the treatment is not randomly 
allocated to one of the pair of quadrats. How- 
ever, this quasi-experiment is still more powerful 
in developing cause-and-effect relationships 
between habitat manipulations and owl popula- 
tion dynamics than the more common correla- 
tive designs used by past researchers (see ILD 
for further details on experimental design). 
Further, the capability to replicate the treatment 
exists because of the extensive number of quad- 
rats that will be required for measuring changes 
in population size. 

Areas where planned treatments result in 
some form of habitat alteration provide excellent 
opportunities for quasi-experiments. Vegetation 
measures should be taken immediately before 
and after the habetat-modifying event, and 
thereafter at S-vear intervals. Vegetation mea- 
surements that seem especially important to 
examine are tree size-class distribution, log size- 
class distribution. canopy cover, and shrub cover. 
Results from these experiments, coupled with 
results of population monitoring, will provide 
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the basis for a predictive model of spomed owl 
habitat quality (assuming that owl density 
reflects habitat quality). Data on apparent owl 
survival and reproduction will also be available, 
than owl density. 


Monitoring 


Drawing New Sample of Quadrats Each Year 


Instead of drawing an initial sample of 
ing these same quadrats through time, an alter- 
native approach would be to draw a completely 
new random sample of quadrats cach year. For 
repeated sampling of a sct of quadrats to be 
legitimate, normal activities that occur in spot- 
ted owl habitat should continue during the 
meet the requirements of section 7(a)(2) of the 
existence of the Mexican spotted owl. The main 
advantage of a new sample cach year is that it 
guards against the potential for land managers to 
manage areas within the quadrats differently 
than the remainder of the landscape. The price 
of this protection is relatively great as illustrated 
by these four points: (1) the logistics of conduct- 
ing the surveys cach year would increase because 
of the new quadrats; (2) age-specific apparent 
survival rates and recruitment to the territorial 
population could not be estimated with the CJS 
analysis because birds would not be marked on 
the same area cach year; (3) quasi-experiments to 
detect the relanonship between habitat manipu- 
lations and owl population dynamics would not 
be possible; and (4) higher sampling intensities 
would be required because this design is less 
efficient for estimating change. Our proposed 
design ts intermediate between sampling the 
same set of quadrats cach year and a completely 
new sample cach year. We obtain the benefits 
from both alternatives in that the correlation of 
measurements for a specific quadrat across years 
is used to lower the overall variance of our 


population estimate, making the design more 
efficient than complete replacement cach year, 
yet we are guarding against the potential for 











sampled quadrats to be managed differently than 
other areas. 


Conducting Surveys Less Often Than Yearly 


Instead of surveying quadrats each year, 
effort and cost could be saved by conducting the 
surveys at longer intervals, such as every 5 years. 
An .dvantage of this approach is that cots will 
be lowered, and possibly more precise estimates 
of population size could be obtained by pooling 
money to conduct a few very good surveys 
instead of more frequent surveys with lower 
effort per survey. The main disadvantage of this 
approach is that age-specific apparent survival 
rates and recruitment to the territorial popula- 
tien could not be estimated with the CJS analy- 


sis because birds would not be marked frequently 


enough to obtain these estimates. For example, 
given an estimate of 0.89 for adult survival, only 
56% of the initial population would still be alive 
after 5 years, resulting in small sample sizes of 
recaptured birds, and hence poorer precision of 
the survival estimates. Further, reproductive and 
annual survival rates and their variation across 
years are needed to realistically evaluate popula- 
tion viability. Finally, our ability to detect 
relationships between habitat manipulations and 
population dynamics would be greatly decreased 
because this approach is more sensitive to vari- 
ability introduced by the years chosen for sam- 


pling. 
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Adaptive Sampling 


Thompson (1992) has developed an adaptive 
sampling scheme to improve the efficiency of 
sampling clustered populations, such as is 
probably the case for Mexican spotted owls. 
Thompson's scheme is theoretically appealing 
because more effort is applied to areas where 
owls are located. Under this approach, quadrats 
adjoining a quadrat that contains some threshold 
number of spotted owls would also be sampled. 
Unfortunately, we cannot envision how to 
handle the logistics of adding some unknown 
numbez of quadrats to the sample when survey 
crews must be hired, trained, and outfitted with 
equipment and vehicles prior to sampling. We 
suspect the logistical overhead of this approach 
may make it impractical for monitoring owls on 
quadrats. However, as the theory and application 
of the adaptive sampling scheme is developed 
further, an innovative application of the tech- 
nique may be possible with our proposed quad- 


rat monitoring scheme. 
CONCLUSION 


The technology and expertise are available to 
monitor trends in Mexican spotted owl habitat 
and population size. Clearly, the objectives and 
design of the monitoring program must be 
defined explicitly and they must be attainable. 
To implement the process, knowledgeable, 
dedicated people must be assigned the task. 
Adequate training and constant feedback mecha- 
nisms are critical aspects to a successful monitor- 
ing program as tenable conclusions can be based 
only on reliable data. 
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D. ACTIVITY-SPECIFIC 
RESEARCH 


The primary objectives of our proposed 
research program are to (1) enhance understand- 
ing of Mexican spotted owl biology and (2) 
assess how land management practices affect the 
owl population's viability. These types of infor- 
mation are necessary to complement recovery 
efforts outlined in this plan. The research pro- 
gram described here is different from the moni- 
toring program outlined in I11.C. Whereas both 
programs are necessary, specific research needs 
may or may not be related to monitoring. In 
developing this chapter, we realized that readers 
of this plan have a variety of backgrounds. Thus, 
to establish a common framework for the discus- 
sion of a research program for the Mexican 
spotted owl, we first outline the role of the 
scientific process in research and some important 
aspects of study design. We then discuss some 
limitations with previous research, and suggest 
future research questions and processes that 


should be examined. 


ROLE OF THE SCIENTIFIC 
PROCESS 


Research and the reliability of knowledge 
zained from research depend on appropriate 
application of the scientific method. Reliable 
knowledge can be defined as “the set of ideas 
that agree or are consistent with the facts of 
nature,” whereas “unreliable knowledge is the set 
of false ideas mistaken for knowledge” 
(Romesburg 1981). Three primary scientific 
methods have been used in scientific research 
(Romesburg 1981): (1) snduction that involves 
the use of repeated observations to discover laws 
of association; (2) retroduction where a “best- 
guess hypothesis is developed to explain a law of 
association or some set of observations; and (3) 
hypothetico-deductive (HD) where a priori hy- 
potheses are developed and tested, and a decision 
made about whether to reject the hypotheses. It 
is generally accepted in science that application 
of the HD method provides the best avenue for 
gaining reliable knowledge (Platt 1964, Popper 
1965, Romesburg 1981, 1991). Steps used in 
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the HD method can be reiterated as follows 
from Nichols (1991): “(1) suggest a hypothesis 
to explain some phenomenon of interest, (2) 
deduce a testable prediction from that hypoth- 
esis, (3) devise and carry out a suitable test, and 
(4) use observations from the test to decide 
whether the prediction is met.” When observa- 
tions and predictions match, the hypothesis is 
corroborated; when they do not match, the 
hypothesis has been falsified and can be dis- 
carded. Rejection of hypotheses is key to the HD 
method. Corroboration of hypotheses can result 
from poor experimental designs (e.g., low 
power). Therefore, knowledge in the HD 
method is gained more through falsification of 
hypotheses than through corroboration. 

Most research related to natural resource 
management and conservation has relied prima- 
rily on induction and retroduction (Romesburg 
1981, 1991). Induction can provide us with 
reliable knowledge about associations such as the 
association of Mexican spotted owls with forests 
having certain structural characteristics. How- 
ever, this method does not provide the mecha- 
nism for understanding the processes that 
underlie this association nor does it provide 
reliable knowledge about cause and effect. 
Whereas we can describe the structure of forests 
used by spotted owls, we cannot ascertain which 
structural characteristics are “important,” or why, 
without application of the HD method. In 
short, we can describe patterns through induc- 
tion but need the HD method to understand 
why those patterns occur and which components 
of those patterns are “important.” In terms of 
management, understanding why a pattern has 
occurred and what caused it are important for 
predicting effects when observed patterns are 
changed. 

Romesburg (1981) argued that retroduction 
does not provide reliable knowledge because of 
the inability of this method to falsify hypotheses 
and the large number of alternative hypotheses 
that could equally explain the same conclusions. 
However, both induction and retroduction are 


useful for describing relationships and develop- 








ing hypotheses to be further tested using the HD 
method. Unreliability of retroduction can be 
exacerbated when untested hy are 
integrated into our knowledge base as dogma in 
the form of scientific “rules.” 

While induction and the HD method 
provide a general framework for gaining reliable 
knowledge, design of appropriate studies is 
crucial to the application of this method in 
specific situations. This applies to both describ- 
ing and understanding patterns in nature. Any 
management plan, including the Mexican 
Spotted Owl Recovery Plan, is a complex hy- 
pothesis whose rejection or corroboration is 
determined by the success or failure of the plan 


over the long te-m. 


IMPORTANT ASPECTS OF 
EXPERIMENTAL DESIGN 


The ability to confidently infer results from a 
sample to a population of interest and the 
strength of that inference are entirely dependent 
on study design. Reliability of knowledge and 
the ability to make correct inferences are directly 
proportional; the stronger the inference one can 
make, the more reliable the knowledge stem- 
ming from that inference. The strongest infer- 
ence in understanding patterns is achieved 
through controlled experiments, with the 
strength of inference diminishing the further a 
given study design departs from the experimen- 
tal (HD) approach. However, inferences can be 
weakened even in experimental studies if the 
design is not valid. With Mexican spotted owls, 
we would like to extend inferences to a larger 
population than the one from which we 
sampled. This larger population may be across 
the range of the owl, within a certain recovery 
unit, or on a Ranger Districc within a National 
Forest. The ability to extend conclusions from a 
study to a larger area or a longer time period 
depends directly on how the study was designed 
and implemented. 

For our purposes, study designs can be 
characterized as either descriptive or experimen- 
tal (following Eberhardt and Thomas 1991). 
Descriptive studies employ survey sampling, 
whereas experimental studies use treatment and 
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control groups. Necessary components of the 
design in both cases include: (1) nandomization 
where samples are randomly selected in a de- 
scriptive study, or treatments and controls are 
randomly assigned in an experiment; and (2) 
replication of experimental units through both 
space and time. Randomizatica removes subjec- 
tive biases that may be found in descriptive 
studies and guards against systematic differences 
other than treatment effects in experiments. 
Randomization also allows for stronger inference 
to a larger population and is the theoretical basis 
for employing statistical tests. Replication allows 
for estimation of experimental error, a prerequi- 
site for employing statistical tests. If either 
randomization or replication are omitted from 
an experimental design, inferences will be greatly 
weakened True replication should not be con- 
fused with “pseudoreplication” where 
subsampling of experimental units is confused 
with replication of experimental units (Hurlbert 
1984). For example, a habitat study that mea- 
sures 100 vegetation plots within cach of four 
owl home ranges represents a sample of four, not 
400. Frequently, researchers are guilty of 
pscudoreplication by reporting a sample size of 
400. Inferences from such a study apply only to 
the 4 owls studied and not to a larger popula- 
tion. Thus, adequate replication must occur at 
the level of the experimental unit (in this case, 
number of home ranges) to apply to a larger 
population. 

A major difficulty in doing field experiments 
is that they are performed in an uncontrolled, 
“noisy” environment (Eberhardt and Thomas 
1991). Therefore, pre- and post-treatment 
measurement periods in both control and 
treatment groups are needed to reduce the effects 
of external variation and to ensure that a treat- 
ment effect can be adequately measured. Addi- 
tional important design features necessary in 
field experiments include the choice of experi- 
mental units (¢.g., owls, owl sites), local control 
(amount of balancing and blocking of experi- 
mental units), and the choice of the design (c.g.. 
complete block, incomplete block, factorial). 

An important consideration when designing 
and implementing studies that involve testing 
statistical hypotheses is the power of the statisti 
cal test used (the probability of rejecting the null 





hypothesis when it is false). Failure to reject a 
null hypothesis is due to either (1) the null 
hypothesis was indeed “true” or (2) there was 
insufficient power to reject it. Thus, power 
should be as high as possible (>90%) to corrobo- 
rate that an unfalsified null hypothesis was 
actually not false. Power is dependent on a 
combination of the severity of the treatment 
applied, sample size, and experimental error. If a 
treatment is subtle, then a larger sample will be 
necessary to achieve the same power as if a severe 
treatment was used. This is important because 
biological questions often involve chronic 
(subtle) effects rather than acute (severe) effects. 
For example, the effects of a given land manage- 
ment practice may have a slight effect on adult 
survival rates which may in turn have strong 
effects on population viability. If an experiment 
testing such an effect has low power, then it may 
be tempting to state that the practice does not 
significantly affect survival rates when in fact it 
does. Repercussions from an experiment lacking 
sufficient power would then be misleading and 
result in false confidence in the health of the 


population. 


LIMITATIONS IN PAST 
RESEARCH ON THE MEXICAN 
SPOTTED OWL 


Previous research on Mexican spotted owls 
has been largely descriptive and has relied on 
induction and retroduction; our current knowl- 
edge concerning underlying ecological processes 
is, therefore, limited. However, previous research 
on Mexican spotted owls has provided a good 
foundation to describe the natural history of the 
species and to generate hypotheses for experi- 
mental tests with the HD method. Additional 
limitations on conclusions from previous re- 
search result from (1) lack of randomization in 
selecting experimental units and study areas, (2) 
lack of true replication (including small sample 
sizes), and (3) lack of experiments. The follow- 
ing discussion is not meant as criticism of 
specific research studies or scientists. Many of 
the previous studies have been hampered by 
inadequate funding and logistical constraints 
beyond the investigators control. These factors 
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are not unique to research on the Mexican 


spotted owl; they are common to research on 
numerous species, including both the northern 
and California spotted owls. 

Lack of randomization and replication has 
hampered the ability to infer from particular 
samples to the general. In a number of studies, 
pseudoreplication has also been confused with 
true replication, weakening inferences even 
further. For example, most of the habitai studies 
using radiotelemetry have suffered from 
pseudoreplication. These studies typically 
sampled few (4-10) birds, but sampled habitat 
characteristics within these few birds home 
ranges extensively. In testing hypotheses, the 
number of subsamples were used, rather than the 
number of owls, to estimate error terms used in 
statistical tests. Such pseudoreplication lends an 
incorrect perception of adequate power to 
statistical tests which may lead to incorrect 
conclusions. However, repetition of home-range 
studies over additional areas has strengthened 
inferences cescrming certain habitat associa- 
tions. 

Controlled experiments have not been used 
in research on Mexican spotted owls. Lack of 
experiments is probably related to the need to 
quickly identify basic aspects of spotted owl 
natural history and apply this information to 
management situations. However, experiments 
are critical for defining the impacts of current 


and proposed management activities on Mexican 
spotted owls. 


RESEARCH NEEDS 


Several management issues and questions 
must be resolved to better understand and 
implement recovery measures for the Mexican 
spotted owl. Communication and collaboration 
between people with strong research skills and 
people with strong management skills will be a 
key component in this process. Managers need 
to better understand the methods, problems and 
uncertainties involved with research. Research- 
ers, on the other hand, must rely on managers to 
identify appropriate questions, political and legal 
constraints, and to develop appropriate imple 
mentation of knowledge derived from research 








results. Too often researchers design and imple- 
ment studies that do not adequately address 
management problems. People having both 
research and management skills will hopefully 
bridge the gap between management and re- 
search disciplines. Both time and money are 
short. Clearly, all research questions cannot be 
answered within a short time frame. Therefore, 
we advocate that a series of crucial experiments 
be implemented that address questions most 
relevant to the needs of management agencies. 
The following example of such an experiment 
addresses the question, “what structural features 
in forest habitat are needed to maintain high 
fitness in Mexican spotted owls,” where fitness is 
some function of survival and reproduction: 


¢ Determine appropriate statistical hy- 
potheses (predictions) and response 
variables to be tested. Testing fitness 
directly through survival and reproduc- 
tive rates may not be feasible because of 
the prohibitively large samples needed to 
detect chronic ettects and ethical prob- 
lems in purposely affecting survival of 
the owls. However, appropriate hypoth- 
eses from the initial question is that 
decline in foraging use and prey avail- 
ability in altered habitats would directly 
affect fitness. 


* Determine the extent and magnitude of 
treatments to apply to forested habitat. 
For example, testable research hypotheses 
could be that the extent of large trees in 
sites affects foraging use by owls and prey 
abundance. Treatments may be nested so 
that the same experimental units can be 
used in repeated experiments, assuming 
that treatments can be decided upon 
beforehand and applied consecutively. In 
addition, treatments need not be “nega- 
tive’ by removing habitat components 
but can be “positive” by treating previ- 
ously impacted habitats. Thus, careful 
planning is needed at this stage. 


* Randomly select » spotted owl sites so 
that sufficient power can be achieved to 
detect differences in foraging by owls 


Velume 1 Part 1 


(23 119 





Mowcan Spotted Che! Reoowers Pla 


berween treatments. Attach radio- 
transmitters to owls within sites. 


¢ Collect pre-treatment data and define 
high-use areas by owls within all sites. 


¢ Randomly assign treatment and control 
classifications to the » owl sites. 


¢ Apply the treatment to high-use foraging 


areas within treatment sites only. 
¢ Collect post-treatment data. 


¢ Test for differences berween treatment 
and control groups. 


¢ Continue the same procedure with 
additional treatments. 


While not ideal, such an experiment illus- 
trates the principles of scientific experimental 
design necessary to achieve reliable knowledge 
concerning spotted owl habitat use and, indi- 
rectly, fitness, as a function of forest structure. 
Such crucial experiments are difficult to design, 
require commitments of funding, and scientific 
imagination because of ethical constraints and 
the limitations on allowable habitat alterations 
proposed in this plan. However, these types of 
experiments also more rapidly answer pressing 
management questions. 

We recommend research on the following 
questions about Mexican spotted owls that still 
need answers. Clearly, a large number of research 
questions could be developed that address all 
aspects of Mexican spotted owl biology for 
which knowledge is lacking. However, we pose 
what we believe are the most crucial questions 
that need to be addressed in terms of immediate 
management problems and the recovery of the 
owl. Studies designed to answer these questions 
will be descriptive, experimental, or a combina- 
tion of both. 


Dispersal 


Dispersal is a key process in metapopulation 
theory and to maintain genetic diversity between 





isolated subpopulations (Keitt et al. 1995). Key 
questions include: 


. Are subpopulations within and between 
Recovery Units connected? 


¢ What habitats and large-scale habitat 
configurations do dispersing juveniles 
require to maintain adequate survival 
rates during dispersal? 


Genetics 


Mexican spotted owl populations are natu- 
rally fragmented across their range. Genetics can 
provide insight into historical connections 
berween subpopulations. Therefore, questions 
on genetics also relate to dispersal. Key questions 
include: 


* — Are subpopulations within and between 
Recovery Units genetically isolated and 
to what degree? 


¢ Whar is the extent of genetic interchange 
across the entire range of the owl? 


Habitat 


Mexican spotted owls use a variety of 
habitats ranging from canyons to forested areas 
(Ganey and Dick 1995). Key questions include: 


¢ — To what extent is habitat use determined 
by various factors, such as prey availabil- 
ity, temperature regulation, and/or 
avoidance of predators? 


¢ = What habitat components confer high 
fitness? 


¢ How do land management activities, 
specifically grazing, timber harvest, fire, 
and recreation use, proximately affect 
habitat use and ultimately affect fitness? 


Population Biology 


Currently, little is known about Mexican 
spotted owl populations. Key questions can be 
addressed with our proposed monitoring plan: 


¢ — Is the Mexican spotted owl population 
stable, increasing, or declining? 
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. Are some subpopulations increasing 
while others are decreasing within the 
range of the owl? 


Threats to Recovery 
Perceived threats need to be examined in 


relation to current management strategies to 
examine whether these strategies are appropriate 
and to develop appropriate management strate- 
gies. Key questions include: 


¢ What management strategies can be 
employed to reduce to possibility of 
catastrophic loss of owl habitat by fire 
while maintaining important habitat 
components? 


. To what extent does disturbance from 
recreation, vehicles, etc. affect use of sitzs 


by spotted owls? 


¢ How does grazing affect prey abundance 
in habitats used by spotted owls for 


foraging? 
Other Ecosystem Components 


Implementation of the recovery measures for 
the Mexican spotted owls will directly and 
indirectly affect numerous ecosystem attributes. 
Research is needed to determine the extent of 
these effects on biotic and abiotic components, 
and ecosystem processes and function. Key 
questions are: 


¢ What are the effects of this recovery plan 
on other vertebrates? 


© What are the effects of implementing the 
Plan on nonvertebrates? 


¢ What are the effects of implementing the 
Recovery Plan on plant community 
structure and composition? 


¢ What are the effects of implementing the 
Recovery Plan on abiotic ecosystem 
processes (¢.g., hydrological systems)? 


¢ What are the effects of implementing the 
plan on ecosystem structure and func- 
tion? 


* How might the recovery plan be adjusted 
to mitigate potentially deleterious effects 
on other ecosystem attributes? 
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E. SUMMARY OF RECOVERY 


The ultimate goal of this Recovery Plan is 
to “recover” the Mexican spotted owl from 
threatened status. This action is referred to as 
“delisting” and is governed by section 4 of the 
Act. Delisting the Mexican spotted owl will 
require reexamination of the same five factors 
considered during every listing process. In 
addition, five specific criteria have been devel- 
oped to aid the delisting determination. Three of 
these criteria pertain to the entire range of the 
owl and two refer to a recovery unit level. The 
rangewide delisting criteria are: 


1. The populations in the Upper Gila 
Mountains, Basin and Range-East, and 
Basin and Range - West RUs must be 
shown to be stable or increasing after 10 
years of monitoring, using a study design 
with a power of 90% to detect a 20% 
decline with a Type | error rate of 0.05. 


'~ 


Scientifically-valid habitat monitoring 
protocols are designed and implemented 
to assess (a) gross changes in habitat 
quantity across the range of the Mexican 
spotted owl, and (b) whether microhabi- 
tat modifications and trajectories within 
treated stands meet the intent of the 
Recovery Plan. 


3. A long-term, U.S.-rangewide manage- 
ment plan is in place to ensure appropri- 
ate management of the subspecies and 
adequate regulation of human activity 


over time. 


Once the above three criteria are met, 
delisting may occur in any RU that meets the 
final ewo criteria: 


4. Threats to the Mexican spotted owl 
within the RU are sufficiently moderated 


and/or regulated. 
5. Habitat of a quality to sustain persistent 
Mexican spotted owl populations is 


stable or increasing within the RU. 
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Recovery of the Mexican spotted owl hinges 
on successful implementation of three inter- 
related programs: population and habitat moni- 
toring, management guidelines, and research. 
These aspects are not intended to stand alone; 
thus, all programs must be implemented simul- 
tancously. For example, monitoring provides a 
measure of the effectiveness of the management 
guidelines. Without such monitoring, we will 
have no basis for determining whether manage- 
ment guidelines lead to the desired outcomes, 
and thus whether the bird should be delisted. 
Research is needed to answer key questions 
relevant to the Mexican spotted owl, particularly 
how implementation of management recom- 
mendations will affect the Mexican spotted owl 
and its habitat. The knowledge derived from this 
research will provide a scientific basis for revising 
short-term guidelines and developing a long- 
term management plan. 

We have proposed a quadrat sampling 
scheme and provide detailed considerations for 
determining spotted owl population trends 
within the Upper Gila Mountains, Basin and 
Range - East, and Basin and Range - West RUs. 
Population monitoring is not required for other 
recovery units because of sampling constraints 
posed by smaller population sizes. The suggested 
scheme provides a statistically valid means for 
assessing population change Initial cost esti- 
mates for the owl monitoring scheme will range 
from $1.2 to $1.5 million per year. 

Habitat monitoring is needed to estimate 
trends in the quantity and quality of the owl's 
habitat through time. Rangewide monitoring of 
the owl's habitat should be conducted in con- 
junction with population monitoring. Because 
of the areal extent over which monitoring will be 
required, we propose the use of satellite imagery 
for tracking gross losses in habitat. We also 
propose that field sampling be conducted in 
conjunction with planned management treat- 
ments. Treatments include the use ribed 
fire, thinning, and silviculture. Monitonng 
should be done prior to and immediately follow- 
ing the treatment, and then at five-year intervals. 
The objective of this sampling is to determine 
























also encouraged on reserved lands (¢.g.. wilder- 
ness, Research Natural Areas) where appropriate. 

We recommend that management activities 
be restricted on some lands outside of protected 
areas because patterns of owl use can be expected 
to change over time. The guidelines depend 
upon forest or woodland type. Silvicultural 
prescnipions should emphasize measures to place 
stand conditions on a trajectory to become owl 
habitat where appropriate. Stands that currently 
mect or exceed threshold conditions are subject 
to more stringent restrictions than other stands. 
Specific management prescriptions should be site 
specific and will vary according to short- or 
long-term objectives. 

Short-term guidelines should not be miscon- 
strued as onctime management events. For 
example, large trees and snags are used by the 
spotted owl and will continue to be needed 
beyond the life of the plan. Long-term guide- 
lines are recommended for those activities and 
natural processes that combine to influence the 
ow! and its habitat beyond the life expectancy of 
this Recovery Plan. 

In addition, riparian communities should be 
managed by maintaining broad-leaved forests in 
healihy condition where they occur, especially in 
canyon-bottoms. Restoration may be necessary 
where such forests are not regenerating ad- 
equately. Conceivably, restored riparian forests 
could contribute additional nesting, wintering 
and dispersal habitat in the future. A mix of 
plant size and age classes should be emphasized 
in this community, to include lange mature trees, 
vertical diversity, and other structural characteris- 
tics. 

No specific guidelines are recommended in 
forest or woodland types not typically used by 
the owl for nesting. These include ponderosa 
pine, spruce-fir, pinyon-juniper, and quaking 
aspen in areas outside of PACs. However, some 
relevant management of these communities may 

uce desirable results for owl recovery. 
Examples of guidelines include managing for 
landscape diversity, mimicking natural distur- 
bance patterns, incorporating natural variation 
in stand conditions, retaining special features 
such as snags, and utilizing fire in an appropriate 
manner. 

Livestock and wildlife grazing may influence 
spotted owls by altering (1) prey availability, (2) 
fire risk of some habitats, (3) riparian plant 
communities, and (4) development of spotted 
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owl habitat. The Team strongly advocates field 
monitoring and experimental research related to 
impacts of grazing on the Mexican spotted owl. 
Other specific guidelines include (1) monituring 
grazing use by livestock and key wildlife species 
(e.g. elk, deer), (2) implementing and enforcing 
grazing utilization standards that attain good to 
excellent range use standards, and (3) protecting 
of restoring mparian communities. These guide- 
lines are emphasized in protected, restricted, and 
riparian areas. 

Several guidelines for managing recreation in 
protected, restricted, and riparian areas are 
recommended. These include: (1) no construc- 
tion, cither of new facilities or for expanding 
existing tacilitics, is allowed within PACs during 
the breeding season; (2) construction during the 
nonbreeding scason should be considered on a 
case-specific basis; (3) managers should, on a 
case-specific basis, assess the presence and 
intensity of allowable recreational activities 
within PACs; and (4) seasonal closures of speciti- 
cally designated recreation activities should be 
considered in extreme circumstances. 

Several important questions regarding the 
owl's ecology, and in particular about the effects 
of different management activities on the owl's 
population viability, still remain. The Team 
recommends additional research on Mexican 
spotted owl dispersal, genetics, habitat ccology. 
and population biology. Key information that is 
vital for refining recovery strategies include (1) 
the degree of demographic and genetic isolation 
among subpopulations; (2) the relationship 
between fitness and specific habitat components; 
(3) population trend. Communication and 
collaboration between researchers and managers 
will be paramount for obtaining necessary 
information. 

This Recovery Plan presents realistic goals 
for recovery of the Mexican spotted owl and its 
ultimate delisting. The goals are flexible in that 
they allow local land managers to make site- 
specific decisions about management for recov- 
ery. The success of the recovery process hinges 
on commitment and coordination among 
Federal and State land management agencies, 
sovereign Indian Nations, and the private sector 
to ensure that the plan is followed and executed 
as intended by the Team. 








Recovery Plan Implementation 
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A. IMPLEMENTING LAWS, REGULATIONS, 
AND AUTHORITIES 


Parc 1V discusses laws, regulations, policies, 


and authorities directly relevant to implementing 


the recovery recommendations included in Part 
Il. An approach to implementation oversight is 
also recommended. Finally, a stepdown outline 
of recovery tasks and an implementation sched- 

This Mexican Spotted Owl Recovery Plan is 
based or predicated upon laws that designate 
specific legal authority and nsponsibility to 
government agencies for managing public 
resources, including wildlife and wildlife habitat. 
The following summarizes relevant laws and 
authorities applicable to implementation of this 
Recovery Plan. 


ENDANGERED SPECIES ACT 


Section 2(c)(2) of the Act expresses the 
policy of Congress that “...all Federal depart- 


ments and agencies shall seck to conserve endan- 


gered species and threatened species and shall 
utilize their authorities in furtherance of the 
purposes of [the] Act.” Section 7(a)(1) of the 
Act requires Federal agencies to ~...utilize their 
authorities in furtherance of the purposes of the 
Act by carrying out programs for the conserva- 
tion of endangered species and threatened 
species...” Thus, Congress clearly intended 
conservation of endangered and threatened 
species to be considered in implementation of 
Federal programs and actions. In addition, other 
Federal laws and regulations require consider- 
ation of endangered and threatened species in 
program implementation, including the Na- 
tional Forest Management Act (NFMA) and the 
National Environmental Policy Act (NEPA). 


Implementation of the Act is the responsibil- 


ity of the Secretary of the Interior for listed 
terrestrial species. The Secretary generally del- 
egates implementation authority to the FWS. 
The following sections of the Act are relevant to 
implementation of species recovery efforts: 


\ crhurme Part IV 


Section 4 


Section 4 includes the listing and recovery 
provisions of the Act, which are discussed in 
detail in Part 1. Section 4(b) of the Act provides 
for designation of critical habitat for endangered 
and threatened species. Regulations governing 
critical habitat designation are codified at 50 
CFR 424. Protection of critical habitat is admin- 
istered under section 7 of the Act (discussed 
below). Critical habitat ts defined under section 
3S)A) of the Act as: 


“(i) the specific areas within the geographi- 
cal area occupied by the species...on 
which are found those physical or 
biological features (1) essential to the 
conservation of the species and (II) 
which may require special management 
considerations or protection; and 


(ii) specific areas outside the geographical 
area occupied by the species...upon a 
determination by the Secretary that such 
areas are essential for the conservation of 
the species.” 


Section 4(d) of the Act provides for pro- 
mulgation of special rules for threatened 
species only. This allows the Secretary to issue 
regulations as deemed necessary for the conserva- 
tion of such species. Special rules can be useful 
in enacting regulatory provisions uniquely 
applicable to the species at hand, and can be 
promulgated to avoid unnecessary regulatory 
burden. For example, the FW is considering a 
special 4(d) rule to allow small landowners in the 
Pacific Northwest to harvest timber and conduct 
other activities without risk of violating the 
prohibition of incidentally taking (sce definition 
under Section 9, below) northern spotted owls. 








Section 5 


Section 5 directs the Secretary to utilize 
funds and authorities of other laws in acquisition 
of lands, as deemed appropriate for conservation 
of endangered and threatened species. 


Section 6 


This section authorizes cooperation with the 
States in conservation of threatened and endan- 
gered species. Among its provisions is the au- 
thority to enter imvo management agreements 
and cooperative agreements and to allocate funds 
to the States that have entered into such agree- 


ments. 
Section 7 


Section 7 and its implementing regulations 
at 50 CFR 402 govern cooperation between 
Federal agencies. Federal agencies must, in 
consultation with and with the assistance of the 
Secretary, ensure that any action they fund, 
authorize, or carry out is not likely to jeopardize 
the continued existence of listed species or result 
in the destruction or adverse modification of a 
listed species designated critical habitat. Regula- 
tions at 50 CFR 402 provide the following 
definitions: 


“Jeopardize the continued existence of" 
means to engage in an action that reason- 
ably would be expected, directly or indi- 
rectly, to reduce appreciably the likelihood 
of both survival and recovery of a listed 
species in the wild by reducing the repro- 
duction, numbers, or distribution of that 
species. 


“Destruction ot adverse modification 
means a direct of indirect alteration that 
appreciably diminishes the value of critical 
habitat for both the survival and recovery 
of a listed species.” 


Section 7 requires action agencies to assess 


the effects of proposed actions on listed species 
and their critical habitat. If, as a result of that 


\ cheweme 1/Part fV 


130 12 


Mesacan Spomed (bel Receers Mase 


assessment, the agency determines that an action 
may affect a listed species of its critical habitat, 
the agency must enter into consultation with the 
FW’S. That consultation may result in a biolog:- 
cal opinion from the FWS, in which a determi- 
nation is made as to whether jcopardy to the 
species and/or destruction or adverse modifica- 
tion of its critical habitat are likel to result from 

If a biological opinion concludes that joop- 
ardy to the species and/or adverse modification 
of its critical habitat are not likely to result from 
a proposed action, the action may proceed. The 
FW'S may provide conservation recommenda- 
tons to the agency on ways to minimize or 
avoid potential adverse cftects on listed species 
and/or critical habitat. Implementation of these 
conservation recommendations is at the action 
agencies discretion. In cases where the action is 
likely to result in the incidental taking of a 
species (see definition under “Section 9,” below), 
the Service may provide reasonable and prudent 
measures to minimize the amount or extent of 
incidental take. The terms and conditions that 
accompany and implement any reasonable and 
prudent measures are nondiscretionary and must 
be implemented. However, reasonable and 
prudent measures and their implementing terms 
and conditions cannot alter the basic design, 
location, scope, duration, or timing of the 
action; and they may involve only minor 
changes. 

If a biological opinion determines that 
jeopardy and/or adverse modification is likely to 
result from a proposed action, the FWS and the 
action agency develop reasonable and prudent 
alternatives, if any, to the proposed action. 
Reasonable and prudent alternatives refer to 
alternative actions that are consistent with the 
intended purpose of the proposed action, that 
can be implemented within the action agency's 
legal authority, that are coonomically and tech- 
nologically feasible, and that the FW believes 
will not result in jeopardy to listed species or 
destruction ot adverse modification of critical 
habitat. If no reasonable or prudent alternatives 
can be identified, the action agency may apply to 
the Endangered Species Committee for an 


exemption to the prohibition of jeopardy and/or 





destruction of adverse modification of crmcal 
habicar. 


Section 8 


Section 8 authorizes international coopera- 
tion in conservation of endangered and threat- 
ened species. Included under this section is the 
authority to provide financial assistance to 
foreign countrics to assist in their conservation 


efforts. 
Section 9 


Section 9 covers prohibited acts in regard to 
listed species. Of relevance to the Mexican 
spotted owl is the prohibition of taking indi- 
viduals. “Take” is defined as ~..1o harass, harm, 
pursuc, shoot, wound, kill, crap, capture, or 
collect, or to attempt to engage in any such 
conduct.” Permits for direct taking of threat- 
poses, to enhance propagation or survival, in 
cases of economic hardship, for zoological 
exhibition, or for educational purposes (50 CFR 
17.32). 

Taking of spotted owls is most likely to 
occur through “incidental take.” “Incidental 
take” is defined as taking that results from, but is 
not the purpose of, carrying out an otherwise 
lawful activity. Incidental taking of spotted owls 
may result from such activities as timber harvest, 
if that activity results in habitat loss to an extent 
that an individual spotted owl's normal behavior 
patterns are impaired. In cases where incidental 
taking will not result in jeopardy to a listed 
species, the FWS may issue an incidental take 
statement in a biological opinion on a proposed 
Federal action, thereby removing the take 
prohibition. Relief from the taking prohibition 
for non-Federal activities is discussed under 
“section 10° below. 


Section 10 


Section 10 authorizes the FWS to issue 
permuts for takings otherwise prohibited under 
section 9. Such permits may be issued for re- 
search purposes and the other situations de- 
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scribed above. In addition, section 10(a 1B) 
allows permits for inadental taking that may 
result from an activity, provided an applicant 
submits a conservation plan that specifies: 


“(i) the impact which will likely result 


(u) what steps the applicant will take to 
minimize and mitigate such impacts, 
an tee funn ts will be available 
to implement such steps; 


(mi) what alternative actions to such taking 
the applicant considered and the 
reasons why such alternatives are not 
being utilized; and 


(iw) such other measures that the [FWS! 


NATIONAL FOREST 
MANAGEMENT ACT 


The NFMA governs Forest Service Manage- 
ment on National Forest System lands. Section 
219.19 (Fish and wildlife resources) states: 


“Fish and wildlife habitat shall be managed 
to maintain viable populations of exist- 
ing native and desired nonnative verte- 
brate species in the planning area. For 
planning purposes, a viable population 
shall be regarded as one which has the 
estimated numbers and distribution of 
reproductive individuals to ensure its 
continued existence is well distributed in 
the planning area. In order to ensure that 
viable populations will be maintained, 
habitat must be provided to support, at 
least, a minimum number of reproduc- 
tive individuals and that habitat must be 
well distributed so that those individuals 
can interact with others in the planning 


area 


In formulating alternatives during project 


planning, the following is required in regard to 
fish and wildlife habitat: 

















“Each alternative shall establish objectives for 
the maintcn?nce at 1 emprovement of 
habitat for management indicator specics__.10 
the degree consistent with ovetall muluple- 
use objectives of the alternative. To mect thes 
goal, management planning for the fish and 
wildlife resources shall meet the require- 
ments sct forth [as follows: | 


(1) In order *o estimate the cftects of cach 
altcrnative on fich and wildlite popula- 
mons, certain vertebrate and/or invettc- 
brate species present in the area shall be 
identified and sclected as management 
indicator species and the reasons for thei 
sclection will be stated. These species 
shall be sclected because their populanon 
./sanges are believed to indicate the 
effects of management activities. In the 
sclection of management indicator 
species, the following categories shall be 
represented where appropriate: 


* Endangered and threatened plant and 
animal specics identified on State and 
Federal lists for the planning area: 


* Species with special habitat needs that 
may be influenced significantly by 


planned management programs: 


* Species commonly hunted. fished, or 
trapped: 


* Nongame species of spec ial interest: 
and 


Additional plant or animal species 
sclected because their population 
changes are believed to indicate the 
effects of management activities on 
other species of sclected major biolog:- 


cal communities of on water quality 


On the basis of available scientific 
information, the mnterdiscyplinary team 
shall estimate the ettects of changes mn 
vegetation type, timber age classes. 
COMMUNITY COMPOSITION, rotation age. 
at.d year-long suitability of habitat 
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related to mobility of management 
indicator specics. Where appropriate. 
measures 10 mitigate adverse cfects shall 


be prescribed. 


Planning alternatives shall be stated and 
evaluated in terms of both amount and 

quality of habitat and of animal popula- 
non trends of the management indicator 


SPCCICS 


Biologists trom State fish and wibdlite 
agencies and other Federal agencies shall 
be consulted im order to coordinate 
planning for fish and wildlife, including 


Opportenstics for the raantroduction of 
extirpated species 


Access and dispersal problems of hunt- 
ing, fishing, and other visitor uses shall 


be conmsdered 


(5) The effects of pest and fire management 


(&) 


a 


on fish and wildlife populations shall be 
conudered. 


Population trends of the management 
indicator specics will be monitored and 
relationships to habitat changes deter- 
mined. This monitoring will be done in 
cooperation with State fish and wildlite 
agencies, to the extent practicable. 


Habitat determined to be critical for 
threatened and endangered species shall 
he identified. and measures shall be 
press ribed to prevent the destruction of 
adverse modification of such habitat 
Objectives shall be determined tor 
threatened and endangered species that 
shall provide for, where possible, their 
removal from listing as threatened and 
endangered species through appropriate 
conservation measures, including the 
designation of special areas to meet the 
protection and management needs of 


such species, 
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B. IMPLEMENTATION 
OVERSIGHT 


RECOVERY UNIT 
WORKING TEAMS 


The leam strongly recommends formation 


of interagency working teams whose responsibil- 


ity would be to oversee the implementation of 
the Recovery Plan. These Recovery Unit Work- 
ing Teams would coordinate with and report to 
the Recovery Team, which would evaluate any 
Working Team recommendations betore passing 
them on to the FWS. Working Teams for cach 
U.S. Recovery Unit should be appointed by the 
FW’S as subunits under the Recovery Team 
umbrella. Recovery Team members may also 
serve on Recovery Unit Working Teams if that 
arrangement is agrecable. Membership of the 
Working Teams should include, at a minimum, 
one representative trom each ot the tollowing: 


} Each involved FWS Ecological Services 
hield Office 


Z Each involved FS Region 
. Fach involved State 
4. Each involved Indian Reservation 


5. Any other involved agency (c.g.. BLM, 
NPS) 


Each Working Team should have a research 
scientist among its membership. That person 
may be affiliated with one of the agencies listed 
above, or may be independent. In addition to 
the above, other interested persons approved by 
the Recovery Team and the FW’ should be 
allowed to participate if they so request. Such 
participants may include a representative from a 
conservation organization, a representative trom 
the tember or other affected industry, a represen 
tative from an interested county or other local 
government agency, and others as appropriate 
Such a diverse membership would allow ideas of 
varying viewpoints to be discussed and would 


allow local interested parties to participate in 
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plan implementation and resolution of local 
issucs. Working Teams tor cach Mexican Recov- 
ery unit should be similarly composed. 

Once the FW’ formulates a membership 
list, that list should be submitted to the Recov- 
ery Team tor review. The Recovery Team would 
then request the FWSs Southwest Regional 
Director's approval. Travel costs tor cach member 
would be borne by the member's agency or 
organization 

The functions of the Recovery Unn Working 
Teams should include the following 


] Provide technical assistance to agencics 
and landowners on such issues as project 
designs, spotted owl management plan 
development, and Recovery Plan complhi- 
ance. The Recovery Team strongly 
encourages conducting Recovery Plan 
implementation workshops to provide 
biologists, foresters, and other land- 
management personnel a common 
working know ledge ot the provisions of 
this Recovery Plan. bor example, d work- 
shop to develop procedures for delineat- 
ing PACs would encourage consistent 
application of recovery recommenda- 
tlons. Specific workshop recommenda- 
tions are provided in IV.C. 


te 


Provide guidance and interpretation on 
implementation of the recommendations 
contained in this Recovery Plan 


3. Provide research assistance by procuring 
financial and logistic support, screening 
research proposals for importance and 
relevance, recommending to the Recov- 
ery Team prioritization of research 
proposals, and other functions 


4 Recommend Recovery Plan revissons 
based on research results that may 
enhance recovery efforts in that 


sper ific Ri 
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CONTINUING DUTIES OF THE 
RECOVERY TEAM 


lhe Recowerv leam recommends that a bx 
continued throughout Recovery Plan implemen 
tatnon. Once the tinal Recovery Plan sn com 
plete thre Recovers Ik im should hect at kk inf 
twice per vear for the first two vears and annu 
ally thereatrer. [he purpose of these mectings 
would be to hear and discuss pi un) Ti a ments 


thor) reports with thre Recowernr { ryt Working 


leams, and to report to the EWS on the progress 


a thy ro”every cttort | bye le Wy) would lee 
comsadet recommendations fro Recovers { rit 
Working leams and decide what recommenda 


trons should he brought torward to the EWS as 


potential revissons to the Recovery Plan 


CENTRALIZED SPOTTED OWI! 
INFORMATION REPOSTTORY 
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in. ihe main purpose of such a taciity would 


be to house a spotted owl GIS database, includ 

g data assembled through the monnoring 
p rire TT} iTV TIVITY prev r ain and othet pyre 
erams rocommended un this Recoweryv Plan. In 
sdditnon. the tach«ay would mamtam and peri 
ond ally uprdatc A Nk Anh aT spotted owt biblwera 
pin 

Such a taciay would be a valuable resource 

tor biologests, land managers, researchers, and 
others who may need miormatiwon throughout 
the plan implementation period. Considerabk 
information, assembled as a result of develop 
ment of this plan, ts already stored mn a GIS 
system maintained by the Nanional Biological 
Services Midcontinent Ecological Scrence 
Center (formerly the National | cology Research 
Center) on hort Collins, Coloradce: continuance 
of that arrangement is recommended bw the 
f wm In addition A considerabh | iHecrTatu4%r 
Cited section ts included in this plan, which 
should provide a good start to development of a 


Vik ‘han Sprott dj owl bibhiographyy 
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C. STEPDOWN OUTLINE 


This section lists specific tasks that need to 1. Resource Management Programs 
be implemented according to the recovery 
recommendations in Part III, plus Recovery Plan 
oversight provisions discussed earlier in Part IV. 


This list is in a stepdown format, as required in 


11. Incorporate recovery recommendations 


(Part [11) into land management 
programs. 


the FWS recovery planning guidelines. Each task 
is also listed in Table IV.D.1, where the respon- 
sible parties for task implementation and the 


estimated costs of carrying out the tasks are 


Conduct the NEPA process to 
amend appropriate land manage- 
ment guidance and policy docu- 


provided. Tasks are categorized as follows: ments (Federal lands}. 
1. Resource Management Programs. Many ot 1111. FS 
the recovery recommendations relate to 1112. BLM 
spotted owl considerations that should be 1113. NPS 
incorporated into planning for other 1114. DOD 


resource management objectives such as 
timber harvest, recreation, and manage- 


ment of other species. 


Incorporate recovery recommenda- 
tions into Tribal management plans. 


2. Active Management. These recovery 1121. White Mountain Apache 
tasks are to be implemented actively. 1122. Mescalero Apache 
They include forest health enhancement 1123. San Carlos Apache 
and protection, riparian restoration, and 1124. Navajo 
development of a long-term spotted owl 1125. Other tribes 
management plan. 
113. Incorporate recovery recommenda- 
3. Monitoring. These recommendations tions into State regulations pertain- 
relate to monitoring the spotted owl ing to timber harvests and other 
population and habitat. activities on State and private lands. 
4. Research. These recommendations 1131. Arizona 
include research studies designed to 1132. New Mexico 
increase life-history knowledge of the 1133. Utah 
subspecies and to test the effects of land 1134. Colorado 
management activities on spotted owls. 
114. Incorporate recovery recommenda- 


5. Oversight, Review, Evaluation, and 
Revision. These tasks are necessary to 
monitor the Recovery Plan's effectiveness 
and to determine if and when Recovery 
Plan revision is necessary. 
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tions into Mexican policy 
documents. 


1141. Arrange a meeting between 
FWS, Recovery Team, and 
Mexican representatives to 
discuss provisions of the 


Recovery Plan. 
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+142. Conduct actions necessary 2123. San Carlos Apache 
10 officially adopt Recovery 2124. Navajo 
Plan recommendations into 2125. Other tribes 


Mexican law and/or policy, 


12. 


as appropriate. 


Conduct pre—project Mexican spotted owl 


INVENTONCS IN Project areas. 


121. Federal agencies 


213. State and private lands 


2131. Arizona 
2132. New Mexico 
2133. Utah 

2134. Colorado 


1211. FS 214. Mexico 
1212. BLM 
1213. NPS 22. Actively manage riparian habitat 


1214. DOD 
122. Tribes 


1221. White Mountain Apache 
1222. Mescalero Apache 

1223. San Carlos Apache 

1224. Navajo 

1225. Other tribes 


123. States 
1231. Arizona 
1232. New Mexico 
1233. Utah 
1234. Colorado 


health improvement and protection 
programs. 


211. Federal lands 


(e.g., restore degraded areas). 
221. Lowland riparian 


2211. BLM 

2212. State of Arizona 
2213. State of New Mexico 
2214. State of Utah 

2215. State of Colorado 
2216. Mexico 


ty 
te 
ty 
a 
—y 
a. 
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to upper elevation riparian 


2221. Federal lands 


22211. FS 
124. Mexico 22212. BLM 
22213. NPS 
2. Active Management 22214. DOD 
22215. Other Federal 
21. Develop and/or implement forest agencies 


22221. White Mountain 


Apache 
2111. FS 22222. Mescalero Apache 
2112. BLM 22223. San Carlos Apache 
2113. NPS 22224. Navajo 
2114. DOD 22295. Other tribes 


2115. Other Federal agencies 


ro 
rte 


Iribal lands 


White Mountain Apache 
Mescalero Apache 
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23. Develop and implement a long-term, 


range wide management plan. 


231. Establish and support a Federal/ 
Tribal/State/ Mexican team to 


develop the plan. 


233. Conduct peer/public review. 
234. Produce final management plan. 
235. Develop appropriate implementa- 


Develop a draft management plan. 


3211. 


3)1 , 


3213. 


3214. 


Moesacan Sported Owl Recovery Plan 


Acquire app-sopriate remote 
sensing imagery. 

Conduct necessary ground- 
truthing, imagery classifica- 
tion, geo-referencing, etc. 
Acquire remote sensing 
imagery at year 5. 

Conduct necessary ground- 
truthing, imager classifica- 
tion, geo-referencing, etc. 


tion documents. 3215. Conduct change-detection 
analysis. 
2351. Joint Federal agency EIS 3216. Acquire remote sensing 


31. Implement the population monitoring 
program detailed i Part HI. 


311. Secure funding for the entire 
monitoring period (up to 15 
years). 

312. Appoint a principle investigator. 

313. Develop detailed study method- 
ology/ protocols. 

314. Conduct Recovery Team/peer 
review of program. 

315. Conduct a pilot study. 


2352. White Mountain Apache imagery at year 10. 
2353. Mescalero Apache 3217. Conduct necessary ground- 
2354. San Carlos Apache truthing, imagery classifica- 
2355. Navajo tion, gco-referencing, etc. 
2356. Other tribes 3218. Conduct change-detection 
2357. State MOUs analysis. 
23571. Arizona 322. Microhabitat (ongoing) 
23572. New Mexico 
23573. Utah 3221. Take pre-treatment mea- 
23574. Colorado surements of relevant 
habitat variables. 
2358. Mexico 3222. Design treatment(s) to 
accomplish spotted owl 
3. Monitoring habitat or other ecosystem 


management goals. 
Conduct treatment 

Take post-treatment mea- 
surements at year | of 
important habitat variables. 
Compare pre- and post- 
treatment data to determine 
whether objectives of 
treatment were met. 
Measure habitat variables at 
vear 5. 

Determine whether treated 
stands are on appropriate 


316. Evaluate and revise methodology/ trajectories. 
protocols. 

317. Implement the monivoring 4. Research 
program. 


32. Implement the habitat monitoring 


program detailed in Part III. 


41. Implement the research recommendations 
outlined in Part HI. 


411. Conduct dispersal studies. 
321. Macrohabitat 
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412. 


413. 


414. 


4111. Exasnine connectivity of 
subpopulations within and 
berween RUs. 

4112. Determine habitat configu- 


rations that best facilitate 
dispersal and enhance 
survival rates of dispersing 
juveniles. 


Conduct studies on gcNctics. 


4121. Determine whether and to 
what degree subpopulations 
are genetically isolated. 

4122. Determine the extent and 


patterns of gene flow across 


the landscape. 
Conduct habitat studies. 
4131. Study the extent to which 
habitat use is influenced 
by prey availability, 
microclimatic factors, or 
presence of predators. 
Determine which habitat 
components influence 
individual fitness and 
population persistence. 


4132. 


Study the effects of land-use prac- 
tices on spotted owls and/or spotted 
ow! habitat. 

4141. Determine the effects of 
various silvicultural and 
timber—harvest practices on 
spotted owl habitat. 
Determine the effects of 
livestock and wildlife 
grazing on spotted owl 
habitat and prey. 
Determine the effects of 
prescribed fire on spotted 


4142. 


4143. 


ow! habitat and prey. 
4144. Determine the eftects of 
recreational activities on 


spotted owl habitat. 


415. 


416. 
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Study the effects of human 
disturbance on spotted owls. 


4151. Determine the effects of 
noise-producing activities 
on nesting spotted owls. 

4152. Determine the effects of 


suburban and rural develop- 
ment on habitats and 


populations of spotted owls. 


Study the effects of Recovery Plan 
implementation on other ecosystem 
components. 


4161. Vertebrates and vertebrate 
communities 


4162. Invertebrates and 
invertebrate Communities 
4163. Plants and plant 
communities 
4164. Abiotic features 
(e.g. hydrological systems) 
4165. Ecosystem structure and 


functioning 


42. Conduct general inventories in areas that 
have not previously been inventoried for 


spotted owls. 


421. 


ps 
re 
oe 


Federal lands 


4211. FS 
4212. BLM 
4213. NPS 
4214. DOD 


4215. Other Federal agencies 
Tribal lands 


4221. White Mountain Apache 


4222. Mescalero Apac he 
4223. San Carlos Apache 
4224. Navajo 

4225. Other tribes 


State and private lands 


4231. Arizona 
4232. New Mexico 





4233. Urah 
4234. Colorado 


424. Mexico 


43. Maintain a centralized Mexican spotted 
owl information facility. 


431. Establish and maintain a Mexican 


spotted owl GIS database. 

4311. Establish and annually 
update spotted owl location 
records and inventory 
coverages. 


4312. Establish and periodically 
update spotted owl habitat 
coverages at varying spatial 
scales. 


432. Develop and periodically update a 
spotted owl bibliography. 


433. Distribute information to land 
mangers and others who request it. 


5. Oversight, Review, Evaluation, 
and Revision 


51. Oversee and monitor Recovery Plan 
implementation. 


511. Conduct section 7 consultation on 
any Federal actions that may affect 
Mexican spotted owls. 


5111. Conduct a workshop 
between Recovery Team and 
FW’S consultation biologists 
on evaluation of projects 
for Recovery Plan 
compliance. 

5112. Consult programmatically 
on each agency's incorpora- 
tion of the Recovery Plan 
into land management 
policy and guidance 
documents. 

5113. Review projects for compli- 
ance with the Recovery 
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Plan. 


Form Recovery Unit Working 


Teams for each Recovery Unit. 


5121. Appoint working Team 
members 

5122. Develop charter, protocols 
for agrecing upon recom- 
mendations to be made to 
Recovery Team 
(e.g., voting protocols). 

5123. Conduct training session 
with Recovery Team to 
ensure understanding and 
consistent interpretation of 
the Recovery Plan. 

$124. Conduct Recovery Plan 
.«nplementation workshops 
with biologists and other 
land-management 
personnel. 

5125. Convene approximately 
quarterly or as needed. 

5126. Working Team Leaders 
attend all Recovery Team 
meetings. 


Retain Recovery Team throughout 


the life of the Recovery Plan. 


5131. Convene Recovery Team 
semi-annually for a mini 
mum of two years after 
Recovery Plan adoption. 

$132. Convene Recovery Team 
annually thereafter. 


$2. Oversee Research 


Recovery Unit Working Teams 
should review and prioritize re- 
search proposals and make recom- 
mendations to the Recovery Team. 
Recovery Unit Working Teams 
should annually update the FWS 
and the Recovery Team on planned 
studies. 








53. Rewiew, ewaluate. and revise recovers plan 


as appropriatc 


53] 


Recovery Unit Working Teams 
should review plan implementation 
at least annually, reporting the 
results to the FW and the 
Recovery Icam 

Recovery Unit Working Teams 
should rvicw research and sugecst 
plan revisions, if any, to the FW'S 


and Recovery Icam 


Recovery Unn Working Icams should 


prow mde technical assistance when 


requested 


541 


Provide land managers with techni 
cal assistance in designing projects 
to minimize impacts on spotted 
owls 

Prov rede tcc hnical assistance mm 
procuring funding and logistic 


support for research projects 


Cc | 
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Prov rdc technical assistamc in 
developing spotted owl managx 
ment plans 

Provide technical assistance 

in developing conscrvation 
agreements 

Prowide other technical assistance 


as necd ed 


Conduct Mexican spotted ow!l status 


revicws 


State and private lands 


SO! 


Conduct assessment of Mexican 
spotted owl status on State and 
private lands 

Promulgate rule under 4(d) of the 
Endangered Species Act to provide 
tor Mexican spotted owl conserva- 


tion on State and private lands 











D. IMPLEMENTATION AND 
COST SCHEDULI 
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Cost Estimates: The figures in this column 
represent the estimated costs (x$1,000) of 
carrying out the recommended tasks im cach 
fiscal wear (FY) indicated. Estimated costs are 
rounded to the nearest $1,000, Lc., a project 
estimated at $200 will show “O°: a project 
estumated at $500 will show “1°. etc. Some of 
the tasks assigned ~NA™ will be so labeled 
because no addimonal cost attributable to Mecu- 
can spotted owl recovery will be incurred. These 
include activities that are cither already part of 
land management programs or those that can be 
paid hor through commercial receipts ic £ tores 
health enhancement prote.iion projects). No 
Cost estimates are given on tasks for Mexico 
becauce the Recovery Team was unable to obtain 


the information 
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Obviously, 1 1s empossible to accuratchs 
predict the costs of many tasks. hor cxampic. the 
OOS! to Carry out recommended research actn- 
mes can vary widely depending on the studs 
design, the duration of the study, and other 
factors. Similarly, the fiscal vearis) under which 
the COMMS arc placed may Of May Tet be the fiscal 
vear in which the cost 1s actually mourned: again 
t ts impossible predict when a project will bx 
undertaken. Finally, in cases such as pre-propect 
inventories, costs can only be estimated on a pet 
uni basis (c.g. $1.25/acre) 








lable [V_.D.1 I magic mentanon and (ast Schodulkk 





Com Estumates (x $1,000) 





| ask Task No P (Yes) Party FYS Frys, FYSS FY9S FYOO FYOl FYO2 FYOS FYOS FYOS 





1. Resource Management Programs 
Land Management Poly Amendmrni 





Federal Agencies til PS $ c ( 
Hti2 J Z BLM 23 25 0 | 0 
1115 Z Z NPS rs Ps 0 c 
lil4 . 3 DOD 25 zs 0 0 0 

Tribes Mill Z ! BMA Zs 0 0 
i22 2 NA 2 0 0 0 
1123 ) | SCA 2s 0 0 0 0 0 0 0 0 0 
lil4 Z / NAV » 0 0 0 0 () 0) f) 
125 4 AA rid rbd 0 0 0 0 0 0 0 

_ States 1i3i ' a7 rh rh 4 0 0 0 6 0 0 0) 
x 1n82 ; | NM hd ebnd 0 0 0 0 0 0 

1143 4 | Ul rtd thud 0 0 0 0) 0) 0 
11 . ! <i) rbd rbwd 0 0 () () () () f) 

Measno 114) | | res . 0 0 0 0 0 0 0 () 
1142 MEX 

Pre Project leventore: 

Federal Agencies 1201 | com PS $1 2Wacte > > > > . 
Pap Comet BLM > > > . > 
1213 | come NPS > > > > > 
1214 Comvt DOD > . > . > 

T robes 122 Cont WMA > . > . . 
i222 Cont M14 > . > . ' 
1224 Cont SA > . > 
1224 I ( Ontt NA\ > . . » 
25 COME 44 > . > > 

States Pa) conte A? > . > . > 
1242 Come NM > . > . . 
1243 Come UT > > 
Pe | « Onret («) > " 

Meiano 124 rt ViEX 





144 





























lable [V.D.1. continued 





Cost Estomates (x $1,000) 
Dur Resp ‘anuaie 


| ask lask No P (Yes Party FY96 FY9? FY9S FY? Pro FYO! FYO2 FYO3 FYO4 FYOS 











2. Active Management 
Forest Health 


tederal Agencies rt > 
BLM 
NPS | 
; 2 DOD ‘ 
com AA 
| tubes | ? com WMA 
nt MIA 
nt SA 
‘ nt NA\ 
cont AA 
States 214 . cont A/ fy f 
com NM 0) 
~ ; ; nt ly 
: 14 , cont (4) 0 t 0 () 
Metsco dl4 cont MEX 





Riparian Management 


lowland Areas 2211 2 cont BLM 0 0 T 
12 > com A/ thd 
| 4 comt NM 
4 p comt UT 
P cont (4) 


Mid- and | pland Areas 


Federal Lands Jeti cont rs Uv 
| cont BLM } 
> , nt NPS U 
14 ' cont ee. 
15 . com AA 
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Cost Estumates (x $1,000) 





Dur Kesp. 
| ask Task No P (Yes) Party FY%G FY97 FY98 FY99 FYOO FYO! FYO2 FYO3 FY0O4 FYOS 





Mid- and Upland Areas (continued) 


Tribes PPP, ; cont WMA t () v to ( v . () 
22222 2 n MA 0 0 () 0 0 0 0 0 0) 
22223 Z nt SLA f 0 0 0 0) 0 0 ) 
2222 2 com NA\ 0 0 0 0 0 0 0 
22225 + com AA 0 0 0 0 0 0 0 0 0 
Mecasco 2223 l com MEX 





Long-term Managemen: Plan 





Appoint Team 231 | FWS 0 0 0 0 ! 0 0 
Develop Drafi Plan 232 > FWs 0 0 . 0 0 100 100 0 0) 
Peer, Public Review 233 | FWS 0 0 0 0 rT 0 5 5 rT 
Produce Final Plan 24 | FWS 0 0 0 0 0 GO 0 $0 sO 
Develop Implementation Documents 
lowunt Federal EIS 24351 | FS 0 0 0 0 1. 0 0 thd 
Tribal Documents 2352 I | WMA 0 0 0 0 0 0 0 0 thd 
2353 | | MIA 0 0 0 0 0 0 0 0 thd 
2354 | | SCA 0 0 0 0 0 0) 0 0 0 thd 
2355 | 1 NAV 0 0 0 0 0 0 0 0 thd 
2356 2 | AA 0 0 0 0 0 0 0 0 0 thd 
Stare MOUs 23871 2 ] A/ 0 0 0 0 () () 0 0 0) thd 
23572 2 | NM 0 0 0 0 0 0 0 0 0 thd 
23573 2 | UT 0 0 0 0 0 0 0 0 thd 
23574 2 | CO 0 0 0 6 0 0 0 0 0 thd 
Menico 2358 ] > MEX 
3. Monitoring 
Population 
Secure Funding 11 1 com All 5 5 5 5 5 5 5 5 5 5 
Select Pl 412 | All 2 0 0 0 0 0 0 0 ( 
Dev. Methodology 413 ! Pl 25 0 0 0 ( 0 0 0 0 
Review Methodology 414 | ! RI 10 0 0 0 0) 0) 0 0 0 
Conduct Pilot Study 415 PI $00 0 0 0 0 0 0 0 
‘ \ aluate/Revise Methodology 416 Pl 25 10 0 0 0 () 0 0 0 0 
Implement Monitoring | i rl 0 1500 1S00 1500 1900 )«=©61800)—isa1800—O«a1800-~——sC«*: 800 1500 
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Dur. Resp Cos Estumates (x $1,000) 
tom TaskNo P (Yrs) Party Fy96 —FY97__—sFY98 ~—FY99—Fyoo —FYo1__FY02 FY03 FY04 _FY05 
3. Monitoring (continued) 
Macrohab:iiai 
Acquire Imagery 3211 AA 7 0 0 
Process Imagery 3212 4A $0 0 0 
Acquire Imagery 3213 l AA 0 0 , 0 0 
Process Imagery 4214 l AA 0 0 0 $0 0 0 
Analyze Change $215 l AA 0 0 0 0 7 0 
Acquire Imagery 3216 I AA 0 0 0 0 0 0 0 0 
Process Imagery 3217 ] ! AA 0 0 0 0 0 0 0 sO 
Analyze Change 3218 ] l AA 0 0 0 0 0 0 0 $0 
Microbabitat 
Measure Habitat Variables $221 l l AA 200 200 200 00 200 20 20 200 200 200 
Design Treatment $222 | | AA 0 0 0 0 0 0 0 0 
Conduct Treatment 4223 ! ! AA 0 0 0 0 0 0 0 0 
Measure Habutat Variables 4224 | ] AA 0 200 200 200 200 om hl 00 00 200 
Analyre t fects $225 ] | AA 0 sO 2 e) SO sn SI Si $f sO wn 
Measure Habitat Variables 3226 | AA 0 0 0 0 0 ) 0 0 00 
Analyze Habitat Trajectory 3227 ! I AA 0 0 0 0 0 0 0 $0 
4. Research 
Daspersal Studses 
Connectivity 4111 2 thd Pl 80 80 a) 80 0 0 0 0 
Dispersal Habitat 4112 2 thd Pl 4) 40 40 40 0 0 T 0 0 0 
Genetic Studies 
Genetic Isolation 4121 3 thd Pl $0 $0 $0 0 0 0 0 0 0 
Gene Flow 122 ; thd i $0 $0 sO 0 0 0 0 0 0 
Habitat Studres 
Habitat Sclection 4131 2 thd Pl 120 120 120 120 0 0 0 0) 
Habutat/ Fitness 4132 2 thd Pl 150 150 190 150 175 7s 7s 00 00 0) 
Land Use Habitat Influence 
Silveculture 414) ] thd | 200 200 200 200 200 Te wn) ww 10 ww 
(,razing 414.2 ] the rl 100 100 100 100 100 1s 15 150 180 150 
Prescribed Fire 143 2 thd rl 75 7s 5 7s 75 10 10) 10 120 100 
Recreation 4144 2 thd iu 0) +) vi) 0) “) 0) 0) 0 
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Dur Resp 
Task Task No P (Yrs) Party FY%G FY9S7 FY98 FY99 FYOO FYO! FYO2 FYO3 FYO4 FYOS 
4. Research (continued) 
Disturbance 
Nouse/V sual +! thd Pl . 5 8 0 
Encroachment 415 2 thd Pl 8 at at 0 0 0 0 
Recovery Plan Implementation 
Vertebrates +! ; thd Pl uy +00 300 4(W 400 400 40 450 45 45 
Invertchrates 4] } thd Pl 100 100 100 1% 1” 1w 1w bt is is 
Plants/Communitics 4h ; thd Pl lO 100 100 1* 130 130 1” 1s 150 150 
Abrotnc Features lbs 4 thd Pl 100 100 100 130 1 10 10) 1s) iso 150 
Ecosystem Function 416% 4 thd Pl 200 200 200 200 >S0 >s0 250 wy) wy) ww) 
General Inventory 
Federal Lands 4211 2 ont FS $1 2S/acte 
ali. Z com BLM 
4214 Z cont NPS 
alla Z com DOD 
alls . cont AA 
Tribal Lands $221 2 com WMA 
4) 2 con MA . 
424 2 cone SCA 
lla 2 conte NAV 
4225 + cont AA . 
State and Private Lands 423) + cont A7 . 
423 + cont NM . 
4243 + cont Ul 
sh . cont (4) 
424 2 con MIEX 
Central Information Facility 
Geographic Information System 
Update Ow! Locations sil ; cont AA ] | | | ] | | ] 
Update Habitat Coverage LIP ; cont AA P 0 0 2 0 2 
Maintain Bibliography + + cont thd | | | | ! 
Distribute Information +44 ; cont tha ] | | | ] | | | ] 














IV ipl 
































GLOSSARY 


Acronyms and Abbreviations 


Act - Endangered Species Act of 1973, as 
amended 


C - Akaike’s Informanon Criteria 

AK - Adaptive kernel 

AOU - American Ornithologists Union 

ANOVA - Analysis of varianoc: a statistical 
evaluation procedure 

BLM - Burcau of Land Management 

CJS - Cormack-Jolly-Seber: a population model 

CO - Colorado 

CSA - Coconino Study Arca: a demographic 
study area 

DOD - Department of Defense 

EA - Environmental Assessment 

EIS - Environmental Impact Statement 

FEMAT - Forest Ecosystem Management 
Assessment Team 

FS - Forest Service (USD.4 Forest Service) 

FWS - Fish and Wildlife Service (U.S. Fish and 
Wildlife Service; USDI Fish and Wildlife 
Service) 

FY - Federal budget fiscal year; 1 October to 30 
September 

GIS - Geographic Information System 

GSA - Gila Study Area: a demographic study 
area 

HCA - Habitat Conservation Arca 

ISC - Interagency Scientific Committee 

LMP - Land Management Plan 

LRT - Likelihood ratio tests 

LSR - Late Successional Reserve 

MANOVA - Multivariate analysis of variance 

MCP - Minimum convex polygon 

MBTA - Migratory Bird Treaty Act 

NBS - National Biological Service 

NEPA - National Environmental Policy Act 

NEMA - National Forest Management Act 

NM - New Mexico 

NPS - National Park Service (USDI National 
Park Service) 

PAC - Protected Activity Center 

RU - Recovery Unit 

SISA - Sky Island Study Area 

SOHA - Spotted Ow! Habitat Area 

SOMA - Spotted Owl Management Area 
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TES - Terrestrial Ecosystem Survey 

USDA - United States Department of Agncul- 
ture 

USDI - United States Department of Intenor 

USGS - United States Geological Survey 

UT - Utah 


Terms 


Adaptive kernel (AK) - refers to a method of 
estimating home-range size. This method 
involves estimating a bivariate probabil- 
ity distribution from the observed animal 
locations, and can be used to compute 


the area containing a specified propor- 
tion of those locations. 

Adaptive management - refers te a tm cess in 
which policy decisic”  =mented 
within a fram, 'v 
driven experiments to tes: , 
and assumptions inherent in mas 
ment plans. 


Algorithm - a mathematical formula for solving 
a problem. 

Basal area - the cross-sectional arca of a tree stem 
near its base. Generally measured at 
breast height (including bark). 

Biomass - with respect to individuals, this refers 
to the weight (mass) of a plant or an 
animal. With respect to areas or commu- 
nities, refers to the total mass of living 
organisms in that area or community at 
any given time. With respect to owl dict, 
used to refer to the relative contribution 
of one species (or group) of prey animals 
to the overall dict. 

Birth-pulse population - a population assumed 
to have a discrete point in time during 
which all offspring are produced. 

Bonterroni confidence interval - a family of 
simultancous confidence intervals in 
which the width of cach interval is 
adjusted downward to account for the 
estimation of simultancous intervals. 
Basically, allows for multiple compari- 
sons without inflating the Type I error 


rate. 




















Fuel ladder - dead or fing fucls that connect 
fucks on the forest floor to the canopy. 
and promote the spread of surface fires 
£0 tee Crowns. 

Fucl loads - the amount of combustible material 
prcsemt per une arca. 

Fuchwood - wood, cither green o dead, har- 
vested for purposes of cooking or space 
heating, and usually measured in cords. 
(1 cord = 128 cubic feet.) 

Geographical Information System (GIS) - a 


computer system capable of stonng and 


result from factors such as inde.eding 
and mutation. 

Graminoids - any plants of the grass family in 
particular and also those plants in other 
farnilics that have a gras-like form or 
appearance (for example, sedges). 

Group-selection cutting - removal during harvest 
of groups of trees. 
tions required by an organism for sur- 
vival and reproduction. The place where 

Habitat fragmentation - see fragmentation. 

Habitat mosaic - the mixture of habitat condi- 
tions across a landscape. 

Habitat type - see vegetation type. 

Hanging canyon - a side canyon, the mouth of 
which lies above the floor of a larger 
canyon to which it is tributary. 

Home range - the area used by an animal in its 
day-to-day activities. 

Immugration - the movernent of individuals 
from other areas into a given area. 

Intermountain Region - an administrative region 
of the USDA Forest Service, lying 
between the Pacific Coastal and Rocky 
Mountain Ranges and including Utah, 
Nevada, southern Idaho, and parts of 
Wyoming and Montana. 

Lambda - the finite rate of change in population 
size. If lambda is greater than |, the 
population trend is increasing: if larnbda 
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equals 1, the population wend és stable: 
if Lambda is less than |, the populanion 
tend ts decreasing. 

Land Managemen Plan (LMP) - a plan written 
for the management of a Nanonal 
the National Forest Management Act of 
1976. 

Late seral stage forest - a forest im the latecr stages 
of development, usually dormmnated by 
large, old trees. 

Leslic matrix - a two-dimensional array of 
numbers representing age- of stage- 
specific estimates of birth and death 
rates, used to project population age (or 
stage) structure through tre. 

Life table - mathematical table of age- or stage- 
specific birth and death rates of a popula- 
non. 

Macrohabitat - landscape-scale features that are 
correlated with the distribunnon of a 
species; often used to describe seral stages 
or discrete arrays of specific vegetation 
types. 

Madrean - pertaining to Mexico's Sierra Madre 
cordillera, ot to plant species or commu- 
nities whose primary affinity is to that 
region (sce also Petran). 

Madrean pine-oak forest - forests in which any 
of several pines characterize the over- 
evergreen species. Many of the dominant 
species are Madrean in affinity. See 
Marshall (1957) for descriptions. This 
habitat was included as Pine-oak by 
Fletcher and Hollis (1994). 

Mesic - of or relating to conditions berween 
hydric and xeric of the specific quality of 
being adapted to conditions between wet 
and dry. 

Metapopulation - systems of local populations 
connected by dispereng individuals. 

Microhabvitat - habitat features at a fine scale; 
often identifies a unique set of local 
habitat features. 

Mic. otine - any vole of the genus Microtas 

Migration - the seasonal movernent from one 

area to another and back. 

Minimum convex polygon (MCP) - a method 
used to estimate home-range size. This 











method involves forming a polygon by 
connecting the outcrmost animal boca- 
mons with a senes of convex lines, then 
computing the arca of that polygon. 

Mixed-conifer forest type - overstory species im 
these forests include Rocky Mountain 
Douglas-fir, whine fir, Rocky Mountain 
western white punc, lumber pinc, and 
bluc spruce. Refer to ILC for a more 
precise discuswon and definition of 
muaxed-conier forest type. 

Mode - a representation of reality, based on a set 
of assumptions, that » developed and 
used to describe, analyze, and understand 
the behavior of a system of interest. 

Monitoring - the process of collecting informa- 
tion to track changes of sclected param- 
eters over time 

Mousing - a technique used to asses reproduc- 
tive status of a pair of spotted owls. 
Entails feeding mice to adult owls and 

Mults-Lavered (or multi-stoned) stands - forest 
stands with >2 distinct canopy layers. 
Applied to forest stands that contain 
trees of vanous heights and diameters, 
and therefore support foliage at various 
heights in the vertical profile of the 
stand. 

Null hypothesis - a hypothesis stating that there 
is no difference between units berg 
compared. 

Other forest and woodland types - vegetation 
types that are neither “restricted” oF 
within PACs (sce definitions of those 
terms) as to management recommenda- 
tions provided in this Recovery Plan. 

Old growth - an old forest stand, typically 
dominated by large, old trees, with 
relatively high canopy closure and a high 
incidence of snags, as well as logs and 
other woody debris. 

Owerstory - the highest limbs and foliage of a 
tree, and consequently extending and 
relating to the wpper layers of a forest 
canopy. 

Pellet - a compact mass of undigested material 
remaining after preliminary digestion 
and climinated by regurgitation rather 
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of the family Mundac (formerty 
Cricenndac). 

Petran - pertaining to the Rocky Mountain areca. 
Used to identity plant associanons or 
species that have their primary affinity to 
the Rocky Mountain arca (sce also 
Miadrean). 

Physiographic province - a geographic regson un 
which clumate and geology have given 
rise to a distinct array of land forms and 
habutats. 

Pinc-aak forest type - stands within the Pinas 
exhiba a pence overstory and oak under- 
story. Refer to ILC for these criteria and 
a more precise discussion and definmtion 
of pinc-oak forest type. 

Precommercial thinning - the practice of remov- 
ing some of the smaller trees in a stand 
so that remaining trees will grow faster. 

Prescribed fire - a fire burning under specified 
planned of unplanned sgnitons. 
of the Pinus ponderosa Series mot om- 
cluded in the pine-oak forest type 
definition, ot any stand that qualifies as 
pure (i.c., any stand where a single 
species contributes >80 % of the basal 
area of dominant and codominant trees) 
ponderosa pine, regardless of the series or 
habitat (sce also Eyre 1980). Refer to 
Part ILC for a more precise discussion 
and definition of ponderosa pine forest 
type. 

Population - a collection of individuals that 
share a common gene pool. 
per unit area. 

Population persistence - the capacity of a popu- 
lation to marntain sufficrent numbers 
and distribution over teme. 

Population viability - the probabiliry that a 
population will persist for a specific 
period of tume, despite demographic and 
environmental stochasticity. 

Power - with respect to statistical comparisons, 
refers to the probability of mot making a 


[vpe-Hl error. 

Protected Actwwity Center (PAC) - an ares 
established a..».ad an owl nest (or 
sometimes roost) site, for the purpose ot 
protecting that area. Management of 
these areas ts largely restricted to manag- 
ing tor forest health objectives. 

Protected areas - as used in this Plan, refers to 
areas that are protected, and where most 
ManhageMent activities are very restricted 
of disallowed. Includes Protected Activ- 
ity Centers. 

Recovery - as provided by the Endangered 
Species Act and its implementing regula- 
uions, the process of returning a threat 
ened or endangered species to the point 
at which protection under the Endan- 
gered Species Act is no longer necessary. 

Recovery Plan - as provided by the Endangered 
Species Act, a plan for management of a 
threatened or endangered species that 
lays out the steps necessary to recover a 
species (see “Recovery ). 

Recovery Team - a team of experts appointed by 
the Fish and Wildlife Service whose 
charge is development of a Recovery 
Plan (see “Recovery Plan’). 

Recovery Unit (RU) - a specific geographic area, 
identified mainly from physiographic 
provinces, used to evaluate the status of 
the Mexican spotted owl. 

Recruitment - the addition of individuals to a 
population trom birth and immigration. 

Reserved lands - lands that have been adminis- 
tratively withdrawn from commercial 
activities, such as wilderness areas or 
research natural areas. 

Restricted Areas - as used in this Plan, refers to 
areas that are not protected (see Pro- 
tected Areas), but where specific guide- 
lines for management activities are 
proposed. 

Riparian - of or relating to a river; specifically 
applied to ecology, “riparian” describes 
the land immediately adjoining and 
directly influenced by streams. For 


example, riparian vegetation includes any 


and all plant-lite growing on the land 


adjoining a stream and directly influ- 


ka 


enced by that stream 
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Riparian forests - forests along rivers, streams, 
and other wetland environments, typi- 
cally characterized by the presence of 
nparian-obligate plants such as cotton- { 
woods, willows, sycamores, or alders. 
Descripuions are provided by Dick- 
Peddie (1993) and others. 

Rocky Mountain Region - An administrative 
region of the USDA Forest Service, 
including Colorado, Nebraska, South 
Dakota, and parts of Wyoming. 

Rotation - the planned number of vears between 
regeneration of a forest stand and final 
harvest of that stand. 

Salvage - see sanitation salvage. 

Sanitation salvage - removal of dead, damaged, 
or susceptible trees primarily to prevent 
the spread of pests or pathogens and to 
premote forest health. 

Seed-tree cut - an even-aged regeneration cutting 
in which only a few seed trees are re- 
tained per hectare. Shelterwood cuts 
retain more seed trees. 

Seral species - any plant or animal that is typical 
of a seral community (stage). 

Seral stage - Any plant community whose plant 
composition is changing in a predictable 
way; for example, an aspen community 
changing to a coniferous forest commu- 
nity. 

Shelterwood cut - an even-aged regeneration 
cutting in which new tree seedlings are 
established under the partial shade of 
remnant seed trees. 

Silviculture - che practice of controlling the 
establishment, composition, and growth 
of forests. 

Single-tree selection cutting - a cutting method 
based on removal of individual trees, 
rather than groups of trees (see also 
group selection cutting). 

Sink - in a population sense, refers to a popula- 
tion whose death rate exceeds its birth 
rate. Such a population is maintained by 
immigration from other populations (sec 
source), and is not expected to contrib- 
ute to long-term population mainte- 
nance. 








Slash - the residue left on the ground after 
logging, including logs, uprooted 


stumps, branches, rwigs, leaves, and bark. 


Southwestern Region - an administrative unit of 
the USDA Forest Service, including 
Arizona and New Mexico; and an ad- 
ministrative unit of the USDI Fish and 
Wildlife Service , including Arizona, 
New Mexico, Texas and Oklahoma. 

Snag - a standing dead tree. 

Source - in a population sense, refers to a popu- 
lation where birth rate exceeds death 
rate. Such a population produces an 
excess of juveniles that can disperse to 
other populations (see sink) 

Spruce-fir forest type - high-clevation forests 
occurring on cold sites with short grow- 
ing seasons, heavy snow accumulations, 
and strong ecological and floristic 
affinities to cold forests of higher lati- 
tudes. In general, dominant trees include 
Englemann spruce, subalpine and/or 
corkbark fir, or sometimes bristlecone 
pine. Refer to Part ILC for a more 
precise discussion and definition of 
spruce-fir forest type. 

Stand - any homogencous area of vegetation 
with more or less uniform soils, land- 
form, and vegetation. Typically used to 
reter to forested areas. 

Stochastic - random or uncertain. 

Stringers - narrow bands of trees that extend into 
confined areas of suitable habitat such as 
in ravines. 

Subpopulation - a well-defined set of individuals 
that comprises a subset of a larger, 
interbreeding population (see also 
metapopulation). 

Survivorship - the proportion of newborn 
individuals that are alive at any given 
age. 

Team - the Mexican Spotted Ow! Recovery 
Team 

Technical Team - the Utah Technical Team; an 
interagency team charged with providing 
management suggestions for the Mexican 
spotted owl, 


Terrestrial Ecosystem Survey (TTS) - a system of 


coosvstem classification, inventory, 


mapping, and interpretation based upon 


165 150 
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terrestrial vegetation and environmental 
factors, used by the USDA Forest Ser- 
vice, Southwestern Region. Ecosystems 
are defined by combinations of potential 
vegetation, soils, and climates. Land is 
partitioned into mapping units based 
upon inventory data, classification, and 
ait photo interpretation. 

Territory - the area that an animal defends 
against intruders of its own species. Not 
synonymous with home range, as parts 
of the home range are typically shared 
with other individual: 

Toe clipping - a procedure by which small 
animals are captured alive and marked as 
individuals for later recapture recogni- 
tion by clipping off portions of one or 
more toes in unique combinations. 

Trap-night - a standardized measurement of 
trapping effort in wildlife studies; equals 
one trap set for night. For example, one 
trap set for 10 nights and 10 traps set for 
one night both equal 10 trap-nights. 

Turnover - in a population sense, refers to the 
rate at which individuals that die are 
replaced by other individuals. 

Type-l error - the error made when a null 
hypothesis that is true is inappropriately 
rejected, as when concluding that two 
saniples from a single population come 
from two different populations. 

Type-Il error - the error that is made when a null 
hypothesis that 1s false is not rejected, as 
when concluding that two samples from 
different populations came from a single 
population. 

Understory - any vegetation whose canopy 
(foliage) is below, or closer to the ground 
than, canopies of other plants. The 
opposite of overstory. 

Uneven-aged management - the application of a 
combination of actions needed to simul- 
tancously maintain continuous tall forest 
cover, recurring regeneration of desirable 
species, and the orderly growth and 
development of trees through a range of 
diameter or age classes. Cutting methods 
that develop and maintain uneven-aged 
stands are single-tree selection and group 


sclection 








Vegetation types - a land classification system 
based upon the concept of distinct plant 
4ss0C14ZtboOns Vegetation or habitat ty pecs 
plant associations) have been docu- 
mented for western forests, and kevs to 
their identification are available. The 

primary vegetation (or habitat) types 
used by Mexican spotted owls re dis 


cussed un IL( 


Viabslity - ability of a population to PCTSist 


through timc (sce population viability 
\ ital raics collective term tor ag oT stage 
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specific demographic rates, such as birth 
and death rates, of a population 

Vole - any small rodent in the genus Microtus 
Clethrionomys, ot Phenacomys, all in the 
tamily Muridac 

Vv ic hes broom 


- a mass of profuse and densely 
packed twigs representing abnormal 
growth of a tree branch. Often results 


from infection by dwart muostictoc 


ot or relating to perennially dry condi- 


tions or the specific quality of being 
adapted to dry conditions 
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Tim Keitt, Graduate Research Assistant, 
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Tom Spalding, Deputy Director, Arizona 
Department of Game and Fish, 
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March 29 to April 4, 1993 

Albuquerque, New Mexico 
April 27-30, 1993 

Flagstaff, Arizona 
May 17-21, 1993 

Sierra Vista, Arizona 
June 23-25, 1993 

Alamogordo, New Mexico 
July 12-16, 1993 

Flagstaft, Arizona 
August 16-19, 1993 

Pinetop, Arizona 
September 14-16, 1993 

Fort Collins, Colorado 
October 13-15, 1993 

Albuquerque, New Mexico 
January 10-14, 1994 

Flagstaff, Arizona 
February 22-25, 1994 

Fort Collins, Colorado 
March 14-16, 1994 

Albuquerque, New Mexico 
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April 25-29, 1994 
Aguascalientes, Mexico 
May 23-27, 1994 
Cedar City, Utah 
June 27 to July 1, 1994 


Flagstaff, Arizona 
August 8-12, 1994 

Flagstaff, Arizona 
September 7-9, 1994 

Fort Collins, Colorado 
September 29, 1994 

Albuquerque, New Mexico 
October 18-19, 1994 

Phoenix, Arizona 
February 13-17, 1995 

Phoenix, Arizona 
June 19-23, 1995 

Phoenix, Arizona 
July 17-21, 1995 

Flagstaff, Arizona 
August 14-18, 1995 

Albuquerque, New Mexico 





DATE 


April 4, 1993 


May 20, 1993 


June 23, 1993 


August 8, 1993 


August 20, 1993 


April 4, 1994 


May 11-13, 1994 


May 5, 1994 
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SCHEDULE OF FIELD VISITS 


PLACE 


Walnut Canyon/Bar M 
Canyon, Coconino NF, Arizona 


Huachuca, Santa Rita and, 
Patagonia Mountains, Arizona 


Sacramento Mountains, 
Lincoln NF, New Mexico 


Overflight, Gila NF, 
New Mexico 


Fort Apache Indian Reservation, 
Arizona 


Sierra Fria, 


Aguascalientes, Mexico 


San Carlos Apache Indian Reservation, 


Arizona 


Zion National Park, Utah 
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COORDINATOR 


Joe Ganey, 
Heather Green 


Russell Duncan 
Steve Spiech 


Danney Salas 
Pat Ward 


Bruce Anderson 
Steve Servis 


Joe Jojola 


National Wildlife Council 


Steve Thompson 
Tim Wilhite 


Sarah Rinkevich 


APPENDIX D 


A REFERENCE FOR ENGLISH AND 


LATIN NAMES 


English names were used in the text of 
this Recovery Plan to make smoother reading 
and to improve comprehension among people 
who are not familiar with Latin names. Names 
are arranged in alphabetical order of families for 
plants because this is the conventional way of 
arranging them in most commonly accessible 
tree and wildflower manuals. Species within the 
families are listed alphabetically by Latin names. 
Animal names are listed phylogenetically, or 
taxonomically, because this system prevails in 
most commonly accessible books of birds and 
mammals, the principal species reported here. 
Family names are also provided for the animals 
as an aid for further investigation. 


PLANTS 

Aceraceae 

Canyon Acer 

(Bigtooth) maple —grandidentatum 

Boxelder Acer negundo 
CI ss 

Shadscale Atriplex sp. 
Cupressaceae 

Arizona cypress Cupressus arizonica 

Juniper Juniperus sp. 
Ericaceae 

Madrone Arbutus sp. 

Manzanita Arctostaphylos sp. 
Fabaceae 

Mesquite Prosopis sp. 
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Fagaceae 


Arizona white oak 


Emory oak 
Gambel oak 


Gray oak 
Silverleaf oak 


Pinaceae 


White fir 
Blue Spruce 
Pinyon pine 
Limber pine 
Western white pine 
Ponderosa pine 
Aztec pine 
Southwestern 
white pine 
Douglas-fir 
Redwood 


Platanaceae 
Arizona Sycamore 


Salicaceae 


Robinia neomexicana 


Abies concolor 
Picea pungens 
Pinus edulis 
Pinus flexilis 
Pinus monticola 
Pinus ponderosa 
Pinus teocote 
Pinus strobiformis 


Pseudotsuga menziesii 
Sequoia sempervirens 


Platanus wrightii 


Narrowleaf cottonwood Populus angustifolia 


Trembling aspen 


Viscaceae 


Dwarf mistletoe 


Zygophyllaceae 
Creosotebush 


Populus tremuloides 


Arceuthobium sp. 


Larrea sp. 
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ANIMALS Montane shrew Sorex monticouls 
Dusky shrew Sorex obscurus 
INVERTEBRATES Water shrew Sorex palustris 
Teseicis Leporidae 
Desert cottontail Sylvilagus audubonit 
Western Choristo —— Eastern cottontail Sylvilagus floridanus 
spruce budworm =— occidentalis Nuttall’s cottontail Sylvilagus nuttalli 
Scolytidae oy 
adjunctus flying squirrel 
; Golden-mantled Spermophilus 
Danaidae ground squirrel —_Lateralis 
Monarch Butterfly Danaus plexippus Rock squirrel ae 
Gray-collared Tamias cinereicollus 
VERTEBRATES chipmunk 
Gray-footed chipmunk Tamias canipes 
Birds Least chipmunk Tamias minimus 
Cliff chipmunk Tamias dorsalis 
Accipitridae Red squirrel Tamiasciurus 
hudsonicus 
Golden eagle Aquila chrysaetos 
Northern goshawk Accipter gentilis Geomyidae 
Red-tailed hawk Buteo jamaicensis 
Botta pocket gopher 7homomys bottae 
Strigidae Southern pocket Thomomys umbrinus 
gopher 
Great horned owl Bubo virginianus Northern pocket Thomomys talpoides 
Spotted owl Strix occidentalis gopher 
California spotted owl  S. 0. occidentalis 
Mexican spotted owl — S. 0. lucida Heteromyidae 
Northern spotted owl — S. 0. caurina 
Barred owl Strix varia Great Basin Perognathus parvus 
Fulvous owl Strix fulvescens pocket mouse 
Tawny owl Strix aluco 
Muridae 
Psittacidae 
Pinyon mouse Peromyscus truei 
Yellow-headed parrot Amazona ochrocephala Brush mouse Peromyscus boylei 
Canyon mouse Peromyscus crinitis 
Mammals Rock mouse Peromyscus difficilis 
Deer mouse Peromyscus 
Soricidae maniculatus 
White-footed mouse — Peromyscus leucopus 
Masked shrew Sorex cinereus Bushy-tailed woodrat | Neotoma cinerea 
Vagrant shrew Sorex vagrans Desert woodrat Neotoma lepida 
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Mexican woodrat Neotoma mexicana Mustelidae 
Stephens woodrat Neotoma stephens 
White-throated Neotoma albigula Long-tailed weasel Mustela frenata 
woodrat 
Long-tailed vole Microtus longicaudus Trichechidae 
Meadow vole Microtus 
pennsylvanicus Manatee Trichechus manatus 
Mexican vole Microtus mexicanus 
Montane vole Microtus montanus 
Dipodidae 
Meadow Zapus hudsonius 
jumping mouse 
Western Zapus princeps 


jumping mouse 
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APPENDIX E 


AGENCIES AND PERSONS COMMENTING 
ON DRAFT RECOVERY PLAN 


Critical review of planning documents by sion during the Recovery Plan-revision period. 
those that must implement them and others The Recovery Team is grateful to those who 
with relevant expertise is essential to producing spent valuable time contributing to this final 
management plans that are scientifically credible Recovery Plan. 
and feasible to implement. This appendix lists 


agencies and persons who reviewed the draft PEER REVIEW 

Mexican Spotted Owl Recovery Plan and pro- 

vided comments on the document. These The following persons were specifically asked 
comments are in large part responsible for to review the draft k covery Plan or portions 
production of a final Recovery Pian that the thereof, as indicated. arts Reviewed” referred 


Recovery Team believes is much improved over to below relates to the draft Recovery Plan, not 
the draft version. Many comments were directly this document. Each persons affiliation is listed. 





responsible for Recovery Plan revision, while In addition, scientific and professional organiza- 
many comments that were not incorporated tions that requested an individual's review are so 
provoked considerable thought and lively discus- indicated. 
Parts 
Forsman, E.D. All Pacific Northwest Research American Ornithologists 
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CHAPTER 1: 


Distribution and Abundance 


of Mexican Spotted Owls 
James P. Ward, Jr., Alan B. Franklin, Sarah E. Rinkevich, 
and Fernando Clemente 


Knowledge of the distribution and abun- 
dance of Mexican spotted owls can provide 
insight into the subspecies’ geographic limits and 
habitat requirements. For example, standardized 
surveys for northern spotted owls among differ- 
ent habitats have provided evidence of the owl's 
affinity for older, densely layered forests 
(Forsman et al. 1977; 1987, Thomas et al. 1990, 
Blakesley et al. 1992). In addition, distribution 
and abundance patterns often provide a founda- 
tion for more intensive natural and life history 
studies. 

For this recovery plan, we gathered and 
examined information on the distribution and 
abundance of Mexican spotted owls accumulated 
through 1993. We used this information to (1) 
document historical and current extent of this 
subspecies, (2) help formulate recovery unit 
boundaries, and (3) provide a template for 
landscape-scale analyses. 


SOURCES OF INFORMATION 


The quality and quantity of information 
regarding the distribution and abundance 
Mexican spotted owls varies by source. Histori- 
cal accounts exist from museum collections and 
anecdotal observations by early natural historians 
from throughout the owl's range (reviewed in 
McDonald et al. 1991). These early observations 
are useful for documenting the owl's known 
historical range. However, haphazard and fre- 
quently unknown methods by which the histori- 
cal information was obtained confound any 
attempt to infer change in the owl's abundance 
from historical to present time. Modern ac- 
counts exist from incidental observations pro- 
vided by amateur and professional biologists and 
from organized surveys conducted by natural 
resource management or research personnel. 
Incidental observations are similar in quality to 
historical accounts, frequently lacking sufficient 
information for estimating population param- 
eters or testing empirical hypotheses. However, 
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when combined with results of planned surveys 
incidental observations can be used to document 
the current extent of the subspecies’ range. 
Results from planned surveys and demographic 
studies have provided the best available data on 
the owl's abundance. 

Planned surveys for Mexican spotted owls in 
the United States have been conducted by land- 
management agencies since 1989 and by re- 
searchers in Mexico since 1992. Survey protocols 
were reviewed in 1990 and a more formal 
program was subsequently developed to locate 
Mexican spotted owls (USDA Forest Service 
1990). Owl demographic studies began in the 
Sky Island Mountains of Arizona in 1990 
(Duncan et al. 1993), and in northern Arizona 
(Olson et al. 1993) and in the Tularosa Moun- 
tains of west-central New Mexico in 1991 
(Seamans et al. 1993). 

To document the current (1990-1993) 
distribution of the Mexican spotted owl, we 
defined an owl site as a visual sighting of at least 
one adult spotted owl or as a minimum of two 
auditory detections in the same vicinity in the 
same year. Observations prior to 1990 are 
considered historical records for the purposes of 
this report. The methods and limitations of these 
data are discussed further in the White et al. 
1995. 


HISTORICAL DISTRIBUTION 


We compiled 600 and 35 historical records 
of Mexican spotted owls in the United States 
and Mexico, respectively (Table 1.1). We refer to 
these as records and not as independent sites 
because several observations may have been 
tallied for the same site. Incomplete information 
of the owls locations prevented us from assign- 
ing each record to an individual site. Thus, these 
records cannot be used to estimate historical 
abundance and are presented only to show the 
approximate extent of the owl's distribution 
before 1990. 
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Table 1.1. Historical records and minimum numbers of Mexican spotted owls found during planned 
surveys, and incidental observations by Recovery Unit and land ownership. 











before 1990" 1990 - 1993 
UNITED STATES 
Colorado Plateau 
FS 21 16 
BLM 6 10 
NPS 34 23 
Tribal 20 13° 
New Mexico State | 0 
Unknown‘ _5 _0 
Subtotal 87 62 
Southern Rocky Mountains - Colorado 
FS 2 & 
BLM 0 6 
NPS 0 0 
Tribal ] --* 
Unknown‘ V7 _0 
Subtotal 20 14 
Southern Rocky Mountains - New Mexico 
FS 25 34 
NPS 3 0 
New Mexico State 1 0 
Private 4 0 
Unknown‘ 8 0 
Subtotal AL 34 
Upper Gila Mountains 
FS 138 424 
BLM 5 0 
NPS 5 0 
Tribal 20 --” 
Private | 0 
Unknown‘ 104 _0 
Subtotal 253 424 
Basin and Range - West 
FS 82 97 
NPS 13 0 
Tribal 0 --" 
DOD 9 6 
Private & 0 
Unknown’ _57 _0 
Subtotal 169 103 
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Table 1.1. (continued) 





Number of owl records Number of owl sites 


y Unis before 1990" 1990 - 1993 





UNITED STATES, continued 
Basin and Range - East 
FS 
BLM 
NPS 
Tribal 
FWS 


Private 


Subtotal 
United States Total 


MEXICO 

Sierra Madre Occidental - Norte 
Sonora 
Chihuahua 
Sinaloa 


Sle. aes 
li: 


se 
L. 


Subtotal 19 17 
Sierra Madre Oriental - Norte 

Coahuila 2 
Sierra Madre Occidental - Sur 
Durango 2 
Aguascalientes 0 
Zacatecas 0 
San Luis Potosi 1 
Guanajuato _] 
Subtotal 4 
Sierra Madre Oriental - Sur 
Coahuila 4 
Nuevo Leon 4 
Tamaulipas _0 

| 

| 


Subtotal 
Eje Neovolcanico 

Jalisco 0 
Colima I 0 
Michoacan 1 0 
Puebla _h' _0 
Subtotal 2 0 

Mexico Total 35 19 


‘Values do not connote numbers of owls nor owl sites because multiple records may exist from the «ome site through time. 
‘Additional owls are known to exist on many Tribal lands but the exact number is unavailable 

rvs wml ph w ndooy eaepheaepemeey 7 sheath» ue Lhe 

“Additional sightings have been reported from 1994 surveys 

‘Unverified record not included in totals (see text) 
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The general vicinity of all historical records 
is presented in the following section according to 
RU and land ownership. This information 
should help land managers to identify areas that 
Historical records for owls in the United States 
cited below. In contrast, much of the historical 
information for Mexico was taken from a com- 
(1993). 


Colorado Plateau Recovery Unit 


Prior to 1990, Mexican spotted owls were 
recorded from Zion (Kertell 1977, Rinkevich 
1991), Canyonlands, Capitol Reef (Sue Linner, 
Verde (Reynolds and Johnson 1994), and Grand 
Canyon National Parks (McDonald et al. 1991), 
Glen Canyon National Recreation Arca (Behle 
1960), and the Cedar City, Richfield, and Vernal 
Districts of the BLM (Behle 1981; Sue Linner, 
FWS, Salt Lake City, Utah, pers. comm.). Table 
1.1 presents more detail regarding these records. 
The physical attributes of these historical owl 
sites include steep-sided, narrow-walled, or 
hanging canyons. The biotic attributes include 
coniferous overstory in canyon bottoms with an 


water (McDonald et al. 1991). 

Historical accounts also place the Mexican 
spotted owl on te Kaibab Plateau in Arizona 
(Ganey and Balda 1989, North Kaibab Ranger 
District, unpublished data), plus many sites in 
New Mexico. These sites include Fence Lake 
(State), Frances Canyon (BLM), the Zuni 
Mountains and Mount Taylor (Cibola NF), and 
within the Zuni and Navajo Nations (McDonald 
et al. 1991, New Mexico Natural Heritage Data 
Base, Nature Conservancy, Albuquerque, NM). 
Generally, vegetation types reported for these 
areas include montane coniferous forests within 
canyon settings. The owl has been observed in 
steep-walled canyons with minimal vegetation as 
well as in forested, steep-sloped canyons on 
Black Mesa and in the Chuska Mountains. 
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Southern Rocky Mountains - 
Colorado Recovery Unit 


Eighteen historical records of spotted owls 
exist within this unit (Webb 1983, Reynolds 
1989). Most of these owls were found along the 
Colorado Front Range extending northward to 
Fort Collins. Two additional observations, onc 
cach from Rio Grande and San Juan National 
vation were recorded during 1989 surveys 
(Reynolds and Johnson 1994; Table 1.1). 

Historical owl locations in this recovery unit 
occurred in steep-sided canyons. These canyons 
are typically broader with walls that are not as 
vertical as sites occupied by owls in southern 
Utah (Colorado Plateau RU). Northern aspects 
of these canyons contain mixed-conifer forest, 
and pinyon-juniper. Canyon bottom: contain 
Gambel oak and boxelder. Owl sightings in 
southwestern Colorado were generally in can- 
mixed-conifer or ponderosa pine-Gambel oak 
forests (McDonald et al. 1991). 


Southern Rocky Mountains - 
New Mexico Recovery Unit 


(Table 1.1) from private and National Forest 
lands in the San Juan, Sangre de Cristo, and 
Jemez Mountains, and near Taos and Sante Fe, 
New Mexico (Johnson and Johnson 1985, 
McDonald et al. 1991). Incidental observations 
between 1979 and 1984 established the presence 
of the owl at nine additional sites in the Jemez 
Mountains, Sante Fe National Forest (Johnson 
and Johnson 1985). The owl has also been 
observed in Bandelicr National Monument and 
neat Morhy Lake on State lands (Johnson and 
Johnson 1985). Historical spotted owl locations 
throughout all of New Mexico (including the 
Basin and Range - East RU) have been described 
as “deep, narrow, timbered canyons with cool 
shady places, at elevations ranging from 6,500 
11,982 se) to 9,000 ft (2.744 m),” (McDonald 
et al. 1991, after Ligon 1926). 








Upper Gila Mountains Recovery Unit 


Prior to a statewide survey conducted from 
1984 through 1988, only one Mexican spotted 
owl was recorded from the northern Arizona 
(San Francisco Peaks) portion of this RU (Hucy 
1930). In contrast, several owls were reported for 
the National Forest lands in the Mogollon 
Highlands of cast-central Arizona and west- 
central New Mexico (Ligon 1926, Skages 1988). 
Forests in those reports include the Apache- 
Sitgreaves, Gila, and Cibola National Forests 
(Table 1.1). A few observations were also re- 
corded on BLM land near Bitter Creck, Grant 
County and at the Gila Cliff Dwellings National 
Monument (NPS), both in New Mexico. Fol- 
lowing their survey of Arizona, Gancy and Balda 
(1989) reported 69 sites in the Arizona portion 
of the Mogollon Rim and in northern Arizona, 
including the Coconino, Kaibab, Tonto, and 
Apache-Sitgreaves National Forests. Another 44 
records exist in the Arizona Heritage Data Base 
AZ). However, the latter records are distributed 
among habitats similar to those reported by 
Ganey and Balda (1989) and include several of 
the same sites. 

Site characteristics for the historical Arizona 
locations (Ganey and Balda 1989) reflect the 
features described for other RU's: mountain 
slopes with mixed-coniferous forest, steep-walled 
canyons, or ponderosa pine-Gambel oak forest at 
clevations ranging from 1,525 to 2,925 m 
(5,000 to 9,590 ft). In southern New Mexico, 
Skaggs (1988) found cliffs present at 15 of the 
18 historical sites which he examined. However, 
it is unclear how many of these sites were located 
in the Upper Gila Mountains RU. Skaggs (1988) 
also noted a well developed understory of 
bigtooth maple and Gambel oak dominated by 
mixed -conifer. 

Historical records for Mexican spotted owls 
in this RU include observations in the Huachuca 
and Chiricahua Mountains during the 1890s 
(reviewed in McDonald et al. 1991). These birds 
were observed in a foothills-oak woodland and 
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in a fir cree in Pinery Canyon, respectively. Two 
communities including an owl nesting in cotton- 
woods northwest of Tucson in 1872 and near the 
Salt River in 1910 (Bendire 1892, Phillips ex al. 
1964, McDonald et al. 1991). 

More recent surveys found the owl occurring 
at 84 sites throughout southern Arizona (Gancy 
and Balda 1989). Owls were located in rocky 
canyons or in several forest types at clevations 
ranging from 1,125 to 2,930 m (3,690 to 9,610 
ft) in the Arascosa-Pajarito, Santa Rita, Santa 
Sierra Ancha, Mazatzal, and Bradshaw Moun- 
tains, Arizona. Below 1,300 m (4,264 ft), spot- 
ted owls were found in steep canyons containing 
cliffs and stands of live oak, Mexican pine and 
broad-leaved riparian vegetation (Gancy and 
Balda 1989). Above 1,800 m (5,904 ft) owls 
were found in mixed-conifer and pine-oak 
forests. Mid-clevation observations included sites 
with Arizona cypress and the other forest types 
Data Base reports 78 additional records in many 
of the same mountain ranges from 1974 to 
1989. Historical records on private land include 
observations near Animas Peak, Black Bill 
Spring, and at the Gray Ranch, in New Mexico 
(Skaggs 1988). 


Basin and Range - East Recovery Unit 


Historical locations of Mexican spotted owls 
occur on lands of several jurisdictions in New 
Mexico: the Organ Mountains and near Bitter 
Creek (BLM); the Sandia, Manzano, Sacra- 
mento, and Guadalupe Mountains in the Cibola 
and Lincoln National Forests; and Carlsbad 
National Park (Skaggs 1988). The owl has also 
been found in Guadalupe National Park and on 
private land in the Davis Mountains of Texas 
(McDonald et al. 1991, Steve Runnels, The 
Heard Natural Science Museum and Wildlife 
Sanctuary, McKinney, TX, pers. comm.). One 
observation cach was also reported on the lands 
of the Mescalero Apache and at the Santo 
Domingo Pueblo (New Mexico Natural Heritage 
Data Base, Nature Conservancy, Albuquerque, 








NM). Physical and biotic characteristics were 
not documented for these various sites. However, 
minimal notanons describe mixed-conifer forcs's 
on eastern slopes of the Sacramento Mountairs 
(Skaggs 1988). Canyons were mentioned for 
sites near the New Mexico- Texas border of the 
Guadalupe Mountains (McDonald ct al. 1991). 


Sierra Madre Occidental - 
Norte Recovery Unit 


More than half of all historical records of 
Mexican spotted owls occurring in Mexico have 
been reported in this Recovery Unit (Table 1.1). 
Owls have been recorded from eight locations in 
the State of Sonora prior to 1990. These birds 
occurred in the Sierras Pinitos, Azul, de los Ajos, 
(Williams and Skaggs 1993). The cighth record 
was reported from a ridge north of La Mesa, 
Mexico. All of these areas are physiographically 
and biotically similar to the Sky Island Moun- 
tains of southeastern Arizona (Cirett and Diaz 
1993). General elevations at or near these 
sightings range from 1,950-2,340 m (6,500 to 
7,800 ft). Descriptions of sites at or near the 
cliffs, and a spring with alders and sycamores 
(Williams and Skaggs 1993). 

Ten historical records have been reported 
from the State of Chihuahua (Table 1.1). Owls 
have been collected, observed, or heard near 
Sierra Carcay, Arroyo Tinaja, Pacheco, Sierra 
Azul, Colonia Garcia, Sierra del Nido, Rancho 
La Estancia, Yaguirachic, Pinos Altos, and 
Vosagota (Williams and Skaggs 1993). Eleva- 
tions at or near these sightings range from 
1,710-2,700 m (5,700 to 9,000 ft). Most of 
these observations were made in or near pine- 
oak woodlands (Williams and Skaggs 1993). 
Owls have also been reported in canyons with 
oaks and madrone, and in subalpine forest 
comprised of Douglas-fir, true firs, oak, alder, 
pines, and chokecherry. 

In Sinaloa, one spotted owl was observed 
near Rancho Liebre Barranca (Williams and 
Skaggs 1993). This area consists of deeply 
dissected barrancas with pine and oak forest at 
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higher altitudes and a mixture of temperate and 
tropical forest in canyon bottoms. 


Sierra Madre Oriental - 
Norte Recovery Unit 


records are from the Sierra la Madera of central 
Coahuila (Table 1.1). One owl was observed 
roosting in a “cliff-lined canyon bottom under a 
dense canopy of maples and oaks” in Canada el 
Agua (Williams and Skaggs 1993). Another owl 
was observed and heard in a “garden-like” arroyo 
and Skaggs 1993). Elevations of these observa- 
tions were approximately 1,900 and 2,100 m 
(6,200 and 7,000 ft), respectively. 


Sierra Madre Occidental - 
Sur Recovery Unit 


(Table 1.1). In Durango, spotted owls have been 
observed near Espinazo del Diablo in mixed- 
conifer forest and on two occasions in the 
Michilia Biosphere Reserve. Or< of the owls 
found in the reserve was observed roosting in a 
large oak that was in a cool, wet ravine. The 
second owl was found in a pine-oak forest. 
Remaining records are of two spotted owls 
collected at approximately 2,400 m (8,000 ft) 
another that was collected in the State of 
Guanajuato (Williams and Skaggs 1993). 


Sierra Madre Oriental - 
Sur Recovery Unit 


In this Recovery Unit, eight records of 
spotted owls have been reported from two States, 
Coahuila and Nuevo Leon (Table 1.1). Owls 
have been heard and observed on several occa- 
sions cast of Saltillo, Coahuila. Elevations of 
these records are generally higher than other 
historical sightings and range from 2,700-3,060 
m (9,000 to 10,200 ft). The vegetation at these 
sites has been described as oak-pine-conifer 





woodland or as oak-pine woodland. Cliffs are 
present at all sites and chaparral or desert scrub 
vegetation can also be seen at two of these sites 
(Williams and Skaggs 1993). In addition, rwo of 
the four historical records from Nuevo Leon are 
from the mountains cast of Saltillo and south of 
Monterrey. At one of these sites a spotted owl 
forest, approximately 2,550 m (8,500 ft) in 
elevation. The second was heard calling from an 
“oak-pine woodland mixed with Tamaulipan 
thorn woodland and scrub and palms on the 
canyon cliffs” (Williams and Skaggs 1993). The 
clevation at this site was 1,350 m (4,500 ft), the 
lowest to be recorded for spotted owls in 

are from the slopes of Cerro Potosi (Williams 
and Skaggs 1993). One female sported owl was 
collected at 2,250 m (7,500 ft) in 1946. Another 
owl was heard in 1978 from a pine woodland 
near the summit at 3,630 m (12,100 fr), the 
highest elevation recorded for a Mexican spotted 
owl. 


Eje Neovolcanico Recovery Unit 


Only two confirmed records of Mexican 
spotted owls exist for the southernmost Recovery 
Unit (Table 1.1). Specimens of spotted owls have 
been collected from the States of Jalisco and 
Michoacan. Two other records from the States of 
(Enriquez-Rocha et al. 1993) but have not been 
verified (Williams and Skaggs 1993). 

In Jalisco, the owls were found on the north 
slope of Cerro Nevado de Colima in a park-like 
ground flora near 2,400 m (8,000 ft) elevation 
(Williams and Skaggs 1993). In Michoacan, the 
holotype of the subspecies and only existing 
State record was collected in 1903 from Cerro 
Tancitaro above 1,950 m (6,500 ft). Details 
regarding the spotted owls allegedly collected in 
(Enriquez-Rocha et al. 1993). We mention these 
latter records because they suggest possible 
extensions of the owl's range. However, we have 
not included them in the totals presented in 
Table 1.1. 
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CURRENT DISTRIBUTION 
AND ABUNDANCE 


Number of Sites 


from 1990 through 1993 indicate that the 
to 1989. Notable exceptions include riparian 
habitats in the lowlands of Arizona and New 
Mexico, and all previously occupied areas in the 
southern States of Mexico. As a result of planned 
for all recovery units. New locations wil! un- 
doubtedly be reported following future surveys. 
The current k»own range of the Mexican 
Mexico, through the mountains of Arizona, New 
Mexico, and western Texas to the canyons of 
southern Utah, southwestern Colorado, and the 
Front Range of central Colorado (Figures 1.1 
and 1.2). Results from planned surveys and 
incidental observations conducted during 1990 
through 1993 indicate one or more owls have 
been observed at a minimum of 758 sites in the 
United Staves and 19 sites in Mexico (Table 1.1). 
The greatest concentration of the known 
sites in the United States occurs in the Upper 
Gila Mountains Recovery Unit (55.9%) fol- 
lowed by the Basin and Range-East (16.0%), 
and Basin and Range-West (13.6%), Colorado 
Plateau (8.2%), Southern Rocky Mountains - 
New Mexico (4.5%), and Southern Rocky 
Mountains - Colorado (1.8%) Recovery Units. 
Thus, fewer owl sites are currently known to 
occur north of the Upper Gila Mountains 
Recovery Unit (12.7%) than to the south of this 
recovery unit (29.6%). In Mexico, the majority 
of spotted owls have been documented in the 
Sierra Madre Occidental - Norte RU (89.5%). 
However, the number of identified sites within a 
given RU depends on survey intensity for which 
we have little reliable data. Therefore, the per- 
centages of sites within a given RU may not 
reflect the true relative abundance of Mexican 


spotted owls. 
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Figure 1.1. Recovery unit boundaries and current distribution of Mexican spotted owls in the 
United States based on planned surveys and incidental observations recorded from 1990 through 1993 
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Figure 1.2. Current distribution of Mexican spotted owls i: Mexico based on planned surveys and 
incidental observations recorded trom 1990 through 1993 
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Number of Owls 


A reliable estimate of the number of Mexican 
spotted owls throughout its cntire range bs not 
available. Hletcher (1990) caloulated that 2,074 
owls existed in Arizona and New Mexico in 
1990 using information gathered by the FS, 
Southwestern Region, McDonald ct al. (1991) 
modified Hetchers (1990) Calculations reporting, 
a total of 2,160 owls in the United Sates. If onc 
assumes that all 758 sites uncluded in this reco 
cry plan were occupied by owl parr, then at least 
1.516 adult of subadult owls were known to 
cxist in the United States and 38 adult of sub 
adult owls in Mexico from 1990 through 1993. 
These numbers arc not reliable estumates of 
current population size because no measures of 
bias or precision can be produced. Further, the 
amount of survey ctlort devoted to deriving, 
these numbers cannot be rchably calculated, nor 
san accurate measure avatlable for arcas oF 
habitats surveved. Uhus, we did not beheve a 
would be usctul to estamate the sive of the 
Mexican spotted owl population given the 
limited quality of data currently available. At 
best, our total numbers reported in lable 1.1 
represent a range for the minimum number of 
owls known to exist during some portion of a 
four year period in the United States and Mexico 
(777 individuals if cach site was occupied by a 
single owl to 1,554 individuals if cach site was 
occupied by a pair). 


Density 


The abundance of any terrestrial organism ts 
more appropriatcly presented as density, the 
number of individuals per unit of area (Caughley 
1977), hereafter referred to as “crude density” 
(hranklin et al. 1990). Because the Mexican 
spotted owl oc upies 4 variety of habitats 
throughout its range, ecological density, the 
number of individuals per area of usable habutat, 
(Lanner 1978) would be a more meaningful 
measure of abundance. At thes time, rangewule 
cstimates of cither crude or ecological density of 
Mexican spotted owls cannot be provided tor the 
same reasons that population numbers cannot be 
estimated reliably 
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lwo cstemates of crude density ( 1) cx 
from studics conducted at cuher end of the 
Upper Gila Mountains Recovery Uni. These 
estimates were reported for the Coconino Study 
Area (CSA) on northern Anivona and tor the Gata 
Study Arca (GSA) in west-central New Mexico 
by CGautierrez ct al. (1994). Density of adult and 
subadult owls on both studies was estimated 
using a count of individuals divided by the size 
of the study area (CSA: 484 km’ [187 me |; 
GSA: 323 ke [125 me}). Identity of owls was 
established by capturing and marking or by 
direct observauion at daytime roosts when 
marking was not possible. Methods were simular 
to thease reported for northern spotted owls by 
branklin ct al. (1990) and Ward ct al. (1991) and 
resulted only in density of ternmtorial indiveduals. 
Only the 1993 estimates of density (1) are 
presented here because the boundaries of the 
CSA study arca were shifted between 1991 and 
1). 

. of Mexican spotted owls in 1995 was 
0.120 owkb/kor (0.510 owls/mi) in the CSA 
and 0.180 owls/kon (0.464 owls/m) in the 
GSA. The CSA has more ponderosa pine 
Gambel oak forest (72.6%) and less mixed 
coniter forest (14.4%) than the GSA (22. 
and 28.5%, respectively; Gutierrez et al, 1994). 
he larger proportion of mixed coniter may 
partially explain higher owl density in the GSA. 
hor comparison (Figure 1.44), 19945 density of 
California spotted owls in the San Bernardine 
Mountains, California (Lal lave and Guterres 
1994) was 0.118 owb/kim) (0.405 owls/m) and 
density of northern spotted owls in northwestern 
Calitormia (Pranklin, unpublished data) was 
0.272 + 0.004 (St) owkb/kime’ (0.708 + 0.009 
owls/m). Survey methods used in these Later 
two studies were identical to those used in the 
CSA and GSA. Naive density estimates, the 
number of owls counted divided by study area 
size, were used inthis comparison (Figure 1. 4a) 
except tor the northern spotted owl population. 
ln the latter case, a Jolly Seber model was used 
to estimate numbers of owls and an associated 
sampling variance. The owo density estimators 
are similar tor spotted owls (Ward et al. 1991). 

Combining the CSA and GSA density data 
and weighting by area provides an average 
estimate of 0.144 owb/kon (0.572 owls) 
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Figure 1.3. Density of (a) all three subspecies compared among regions and (b) Mexican spotted 
owls among three forest types in the Sacramento Mountains, New Mexico, based on Skaggs and Raitt 
(1988). Sources of estimates for northern Arizona (CSA) and west-central New Mexico (GSA) are from 
Gutiérrez et al. (1994); southern California are from LaHaye and Gutiérrez (1994); and northwestern 
California are from Franklin (unpublished data). Vertical bars are 95% confidence intervals. 


Volume 11M haprer ] \9 & | ] 











within the Upper Gila Maintains RU. However, 
this estimate should not be extrapolated to a 
larger area because (1) the CSA and GSA were 
not randomly selected and (2) studies were not 
sufficiently replicated. Both of these problems 
could severely bias extrapolated estimates be- 
cause the areas studied are not necessarily repre- 
sercative samples of the entire recovery unit or 
subspecies range. 

In another study, Skaggs and Raitt (1988) 
examined the density of Mexican spotted owls 
among three forest types in the Sacramento 
Mountains (Basin and Range - East RU). Eigh- 
teen 23.1- km* (9-mi*) quadrats, six in each 
forest type, were surveyed for spotted owls. 
Quadrats were classified as pinyon-juniper 
woodland, pine, or mixed-conifer forest accord- 
ing to the most common tree species within the 
quadrat. Owl density averaged across the three 
forest types (X = 0.126 owls/km? [0.325 
owls/mi*}) was similar to the average estimate 


from the two southwestern demographic studies. 


When partitioned by forest type, analysis of 
these data by the Team showed significantly 
higher densities (F = 16.93, df = 2, P = 0.0001) 
in the mixed-conifer ( = 0.275 owls/km’, 

SE = 0.046 [0.704 owls/mi’, SE = 0.117]) com- 
pared to the pine-dominated (x = 0.080 
owls/km’, SE = 0.028 [0.204 owls/mi’, 

SE = 0.073]) and pinyon-juniper habitats 

(x = 0.022 owls/km’, SE = 0.036 [0.056 owls/ 
mi’, SE = 0.038]). Density was not statistically 
different between the latter two forest types 
(Figure 1.3b). Forest type explained 69.3% of 
the variation in owl density using this ANOVA 
model. Skaggs and Raitt (1988) showed similar 
results using density of sites rather than owl 
density. 


CONCLUSIONS 


The Mexican spotted owl currently occupies 
a broad geographic area, but it does not occur 
uniformly throughout its range. Instead, the owl 
occurs in disjunct localities that correspond to 
isolated mountain systems and canyons. This 
distribution mimics most historical locations, 
with a few exceptions. The owl has not been 
reported along major riparian corridors in 
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Arizona and New Mexico where it historically 
occurred, nor in historically-documented areas 
of southern Mexico. Riparian communities and 
previously occupied localities in the southwest- 
ern United States and southern Mexico have 
undergone significant habitat alteration since the 
historical sightings (USDI 1994). However, the 
amount of effort devoted to surveying these areas 
is poorly known and future surveys may docu- 
ment spotted owls. Surveys conducted to relo- 
cate spotted owls have been unsuccessful in 
northern Colorado near Fort Collins and Boul- 
der, where records exist from the carly 1970s and 
1980s, and in the Book Cliffs of east-central 
Utah where owls were recorded in 1958. 

The majority of Mexican spotted owls 
currently known to exist occur in the Upper Gila 
Mountains Recovery Unit. This unit can be 
considered a critical nucleus for the subspecies 
because of its central location within the owl's 
range and its seemingly high density of owls. 
Other areas likely to be important include the 
Sky-islands of southeastern Arizona and the 
Sacramento Mountains, New Mexico (Basin and 
Range RUs). Throughout its range, most (91%) 
Mexican spotted owls occur on public land 
administered by the FS. 

Density estimates of Mexican spotted owls 
contrasted among forest types in the Sacramento 
Mountains and between two areas in the Upper 
Gila Mountains RU suggest that mixed-conifer 
supports more owls compared to pine-oak, pine, 
and pinyon-juniper forest types. Mexican spot- 
ted owl densities reported from three areas are 
similar to those reported for California spotted 
owls occurring in the San Bernardino Moun- 
tains, California and slightly less than the den- 
sity of northern spotted owls occurring in 
northwestern California. 

Limited information inhibits reliable estima- 
tion of the absolute number of Mexican spotted 
owls. However, it is apparent from current 
patterns in distribution and habitat use that the 
subspecies is rare relative to other raptors and is 
distributed discontinuously throughout its 
range. Species existing under such conditions are 
considered vulnerable to extirpation (see 
Dawson et al. 1987 for discussion relevant to 
spotted owls). Although future efforts will 
undoubtedly discover additional owls, the extent 





and total number of this subspecies in the 
United States will likely not change in magni- 
tude enough to alter this conclusion. The con- 
trary is true for Mexico where planned surveys 
have begun only recently. 

Consequently, current strategies devel- 
oped to conserve Mexican spotted owls will be 
limited to basic knowledge about the owl's 
will require additional information on the total 
population size, population structure, or interac- 
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CHAPTER 2: Population Biology 
Gary C. White, Alan B. Franklin, 
and James P. Ward, Jr. 


The development of recovery guidelines 
and criteria for Mexican spotted owl populations 
requires understanding the life history traits and 
population processes for this species. We exam- 
ined the characteristics and trends of Mexican 
spotted owl populations at three spatial scales: 
scales correspond to characteristics and processes 
occurring across the U.S. geographic range of 
the subspecies. Regional scales correspond to 
recovery units that were delineated according to 
broad ecological patterns (see Rinkevich et al. 
1995). Local scales roughly correspond to 
subpopulations that occur within cach recovery 
unit. Ideally, the same population characteristics 
and processes should be examined over different 
temporal and spatial scales. However, temporal 
comparisons were restricted because historical 
information on Mexican spotted owl popula- 
tions does not exist. Thus, we could not compare 


historical and current populations to assess the 
impacts of past and present management activi- 
ties. 

In this section, we first review the sources 
of information available for making inferences 
about Mexican spotted owl populations. We 
then quantitatively describe the life history 
characteristics of the owl using age- and sex- 
specific survival probabilities and fecundity rates. 
These characteristics were estimated from data 
collected during radio-telemetry studies, banding 
studies, and a regional FS monitoring program. 
We examined population trends first by estimat- 
ing the finite rate of population change (A) on a 
local scale using our estimates of survival and 
fecundity from selected studies and then by 
evaluating temporal trends in occupancy rates of 
FS management territories (MTs) on a regional 
scale. Finally, we attempted to examine relation- 
ships of vegetation type on reproductive output 
at a range-wide scale. Through this stepwise 
procedure, we evaluated the current state of 
Mexican spotted owl populations. 
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SOURCES OF INFORMATION 


Since 1989, organized surveys for Mexican 
spotted owls have been conducted by personnel 
of the FS, BLM, NPS, Tribes, State wildlife 
agencies, and by private researchers. Most 
surveys followed the procedures described for the 
FS Region 3 (USDA Forest Service 1990). 
Under the FS Region 3 system, two types of 
surveys, inventory and monitoring, were con- 
ducted for different purposes. Inventories were 
general surveys used to detect the presence of 
spotted owls within a defined area. Monitoring 
specifically assessed temporal changes in site 
occupancy and reproduction by spotted owls in 
management territories (MT). Both procedures 
required adherence to a standard survey proto- 
col. In addition, two types of monitoring, 
“formal” and “informal,” were utilized, with 
formal monitoring following guidelines of 
USDA Forest Service (1990). MTs weve moni- 
tored cach year from 1989 through 1993 with 
the formal procedures if they had (1) no _previ- 
ous management activity, (2) activity 
5-20 years prior to monitoring, or (3) recent 
activity within 5 years of monitoring. Formal 
monitoring resulted in more survey effort per 
MT than for informal monitoring (although 
some informal monitoring sites were visited 
more often than required by formal monitor- 
ing). Informal monitoring could be conducted at 
any site not formally monitored in any year. The 
greatest amount of effort for surveys was devoted 
to formal monitoring, followed by informal 
monitoring, and then inventory. 

A limitation of the FS database was that the 
MTs surveyed were not randomly sampled from 
all possible MTs. MTs were added to the data- 
base as owls were found. We do not expect 
excessive bias in estimated fecundity or persis- 
tence (as defined in Life History Parameters 
section) from this nonrandom sample because 
these parameters are probably not directly linked 
to the sample selection procedures. We do expect 








significant biases in the estimates of density, 
abundance, and occupancy rate because includ- 
ing an MT in the sample is directly linked to 
these parameters. 

In 1990, a study of Mexican spotted owl 
population dynamics was initiated in the Sky 
Islands of southeastern Arizona (Duncan et al. 
1993). This study complemented inventory and 
monitoring efforts on the Coronado National 
Forest. In 1991, two other studies on population 
dynamics were initiated: one on the Coconino 
National Forest in northern Arizona (Gutiérrez 
et al. 1993, 1994) and the other on the Gila 
National Forest in west-central New Mexico 
(Gutiérrez et al. 1993, 1994). These two studies 
were conducted independently from inventory 
and monitoring efforts, and thus used methods 
different than the formal monitoring protocol. 
In all three population studies, owls were lo- 
cated, captured, individually marked for future 
recognition, and the number of fledged young 
were recorded. These population studies offer 
the most reliable information currently available 
for estimating abundance, rates of reproduction 
and survival, and for deriving short-term esti- 
mates of population change. However, inferences 
from these studies are somewhat limited because 
their study areas were not randomly selected 
from a defined sampling frame. Even with this 
limitation, estimates from these studies are useful 
in our preliminary evaluation of Mexican spot- 
ted owl population biology. 

Most inventory and monitoring work was 
conducted by personnel of the FS Region 3. By 
direction (Forest Service Manual 2676.2), survey 
data were recorded on standard forms and maps 
« following field observations. MTs were assigned 
using the survey results. Occupancy and repro- 
ductive status of Mexican spotted owls were 
summarized by MT at the close of each fiscal 
year (30 September). These summaries did not 
include all information recorded on field forms, 
such as that used to determine occupancy, 
reproductive status, or spatial coordinates of owl 
locations. Original data recorded on field forms 
were necessary for verifying occupancy and 
reproductive status. Without this type of verifi- 
cation, reliability of previous assignments cannot 
be demonstrated. Further, spatial coordinates 
compatible with a Geographic Information 


Velurne 114 haprer Z 


20 ¢ 


Mexican Sported Owl Recovery Plan 


System (GIS) were required to document owl 
distribution and conduct habitat analyses at 
data and GIS-compatible coordinates were not 
entered into a computerized database. Thus, the 
Team attempted to compile and create its own 
database (referred to as the Team database) from 
original data forms and plotted locations to 
supplement summaries provided by the FS 
Region 3 Office (referred to as the FS database). 

Attempts to create the Team database met 
with limited success. Entering a portion of the 
data forms by a professional data-entry service 
failed because standard codes and recording 
instructions were not followed by data collectors. 
Further, various details were not recorded and 
maps were missing. In a second attempt, the 
Team formed and trained a set of crews to visit 
FS Ranger Stations and Supervisor Offices to 
enter data from forms and maps and to record 
Universal Transverse Mercator (UTM) coordi- 
nates of owl locations associated with surveys. 
The same information was collected from land 
management agencies throughout the owl's 
range for the four-year period (1990-1993). 
Year-end summaries from the FS Region 3 were 
compared to output from the Team database to 
verify similarity for the period 1990-1993. 

We found many discrepancies between the 
Team and FS Region 3 databases, the greatest 
being fewer territories with complete reproduc- 
tive information in the Team's database. The FS 
database contained 1,984 records, whereas the 
Team's database contained only 377 observations 
where valid estimates of reproductive output 
(number of fledged young) were available. A 
valid estimate of reproductive output was one for 
which appropriate protocols (see Forsman 1983, 
USDA Forest Service 1990) substantiated the 
estimate or for which young were reported. 
Thus, we were able to locate only a fraction of 
the data presumably available. 

When the two databases were merged, we 
found 11 records in the Team database that had 
no corresponding record in the FS database. 
Further, the FS database has no fecundity 
estimate for 45 records for which the Team's 
database had a valid fecundity estimate. Of the 
321 records that matched, 271 records had 
identical values for reproductive output. Eight of 











the remaining records had greater values in the 
Team database, whereas 42 had greater values in 
the FS database. For the 321 matching records, 
the FS database had a significantly greater 
fledgling rate (P < 0.001) than the Team data- 
base. The expected bias was that the FS database 
would have a lower estimate of reproductive 
output because many of the records with zero 
by mousing data as was done in the Team 
database. However, changes by the FS occurred 
during summarization procedures, among them 
selected territories with zero young recorded 
were changed to unconfirmed (Keith Fletcher, 
FS, Albuquerque, NM, pers. comm.). Therefore, 
the FS database has a higher estimate of repro- 
ductive output because a number of territories 
with valid values of zero were eliminated from 
the calculation. This would introduce an overes- 
timate of reproductive output. Whether the two 
biases in the FS database cancel each other is 
unknown. 

A potential problem with the Team data- 
base was the incomplete availability of data 
forms; many of the needed forms were missing. 
The last form used to complete the estimate of 
reproduction for many of the MTs may not have 
been available for data entry. As a result, the 
Team database has a lower estimate of reproduc- 
tion than the FS database. The Team's effort to 
validate the FS estimates of fecundity does not 
accomplish this objective. Rather, the Team 
database appears too incomplete to be useful for 
estimating fecundity. Therefore, we have used 
estimates of fecundity from the FS database with 
the understanding that these estimates may be 
biased for two reasons: inadequate validation of 
the fecundzy and occupancy results, and non- 
random sampling. The benefit of the Team 
obtaining raw data from the FS is that this effort 
has demonstrated severe problems with the 
handling of data collection, data management, 


and data analysis for the monitoring program. 


By discovering these problems, the problems are 
correctable in the future. 
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LIFE HISTORY PARAMETERS 


An organism's life history is the combina- 
tion of birth and death processes exhibited in its 
natural environment (Partridge and Sibley 
1991). The optimal trade-off in survival and 
reproduction, resulting in fitness, should be 
maximized by the life history favored by natural 
organism’ life history is a finely tuned result of 
adaptations to its environment; major perturba- 
tions to an organism's environment could 
eventually lead to its extinction. However, 
behavioral plasticity may allow organisms to 
adjust life-history strategies to current environ- 
mental conditions (Hansen and Urban 1992). 
When examining recovery of a species after past 
and present environmental perturbations of 
vary'ng magnitudes, one must question whether 


An organism's life history can be quantita- 
tively described in terms of age- and sex-specific 
longevity, and age at first reproduction (Stearns 
1992). In the following section, we outline 
current estimates of life history parameters for 
the Mexican spotted owl, using a variety of 
estimators calculated with different sources of 
data. These parameters can be used in two ways 
to make inferences about Mexican spotted owl 
populations: (1) to estimate the finite rate of 
popu! ation change (A), and (2) to examine 
components of fitness within populations (Roff 
1992). 


Age- and Sex-Specific Survival 


We estimated age- and sex-specific survival 
for Mexican spotted owls using mark-recapture 
estimators with data from banded owls in 
population studies, binomial survival estimators 
with data from radio-tagged owls studied at 
various locations, and survival estimators from 
data collected during the FS monitoring pro- 
gram. Where feasible, we recognized four age 








classes: juveniles (J), first-year subadults (S1), 
second-year subadults (S2) and adults (A), all as 
described by Forsman (1981) and Moen ct al. 
(1991). Juveniles (age, x = 0 years) were fledged 
young-of-the-year. First-year subadults (x = | 
year), second-year subadults (x = 2 years), and 
adults (x 2 3 years) have similar body plumage 
teristics (Moen et al. 1991). Not all studies 
differentiated the two subadult age classes, so 
these two age classes were usually lumped into a 
single subadult (S) age class for the purpose of 


Mark-recapture estimators yield maximum 
likelihood estimates of apparent survival (@) and 
recapture (or resighting) probability (p), which 
are asymptotically unbiased, normally 
distributed, and have minimum variance 
(Lebreton et al. 1992). An important 
consideration with apparent survival is that 
1- @ = death + permanent emigration. For 
apparent survival to accurately reflect truc 
survival (S), permanent emigration over the 
course of the study must be close to zero. Emi- 
gration is difficult to quantify, requiring the use 
of large samples of radio-marked birds. 

Another limitation of the mark-recapture 
data is that only territorial birds are marked, 
because nonterritorial birds (“floaters”) do not 
respond to the capture and sighting methods 
employed. Even though marked juveniles enter 
the floater population, they are not recaptured 
until they become territorial, which may not 
area. Floaters that never become territorial are 
never included in the data to estimate survival, 


even if they remain on the study area. As a result, 


juvenile and subadult survival estimates pro- 
duced from birds banded as juveniles are biased 
low because of the entry into the floater pupula- 
tion and/or emigration from the study area. 
However, estimates of survival generated from 
subadults and adults marked as territorial birds, 
hence with negligible emigration, are unbiased if 
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inference is oniy to territorial birds. Thus, 
inferences from the mark-recapture data only 

We examined mark-recaprure data from 
color-banded Mexican spotted owls derived from 
the three population study areas (Figure 2.1): 
(1) a 484-ken’ (187-mir°) area located on the 
Coconino National Forest (Upper Gila Moun- 
tains RU) denoted as the CSA (Gutiérrez et al. 
1994); (2) a 323-ken’® (125-mi’) area located on 
the Gila National Forest (Upper Gila Mountains 
RU) denoted as the GSA (Gutiérrez et al. 1993); 
and (3) an area encompassing portions of the 
Sky Island Mountains in southeastern Arizona 
(Basin and Range - West RU) denoted as the 
SISA (Duncan et al. 1993). A cotal of 148 adult, 
44 subadult, and 238 juvenile capture histories 
compiled during 3- and 4-year periods were 
utilized in the subsequent analyses (Table 2.1). 

Methods used to estimate survival from the 
mark-recapture data are detailed in Burnham et 
al. (1994) and Lebreton et al. (1992). Two sets of 
parameters are estimated with these models: 6 is 
the probability of a bird remaining alive and on 
the study area, and p is the probability that the 
bird will be resighted after initial capture. Both 6 
and p are indexed to provide specific estimates 
with respect to time, age, sex, and area. We 
employed three  nalyses: (1) goodness-of-fit 
testing to the Comack-Jolly-Seber (CJS) models 
using computer program RELEASE (Burnham 
et al. 1987) and JOLLY (Pollock et al. 1990); (2) 
examination of a wide variety of models pro- 
gressing from a biologically realistic global model 
to the simplest model using program SURGE 
(Lebreton et al. 1992); and (3) selection of the 
most parsimonious model with Akaike's Infor- 
mation Criteria (AIC) and likelihood ratio tests 
(LRT) (Lebreton et al. 1992). 

Goodness-of-fit tests of data to the CJS 
model include Test 2, which tests primarily for 
lack of independence, and Test 3, which prima- 
ily tests for heterogencity in survival and recap- 
ture probabilities (Burnham et al. 1987). We 
could only use Test 2 because of the short 
duration of the studies. Test 2 of the GSA and 
SISA data did not indicate lack of fit of the data 
(GSA: x’ = 0.008, 1 df, ? = 0.93; SISA: 
x= 0.702, 1 df, P = 0.40). Test 2 was not 
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Figure 2.1. Location of Coconino (CSA), Gila (GSA), and Sky Islands (SISA) Mexican spotted owl 
population study areas in Arizona and New Mexico. 
































Table 2.1. Time periods and number of capture histories from three study areas used in estimating 


Mexican spotted owl survival. 





Coconino Study Area Gila Study Area. Sky Island Study Area 











(CSA) (GSA) (SISA) 
Age Class When Banded 991-1995 E991 1995 1990-1995 
Adults 4) $2 $$ 
www 18 15 iT 
Juveniles 95 84 $9 
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computable for the CSA because only one bird 
released in 1991 was not recaptured in 1992 but 
was captured in 1993. 

For model selection, the GSA and CSA 
(Guniérrez et al. 1993, 1994), both occur in the 
Upper Gila Mountains RU, and we wanted to 
improve the precision of survival estimates by 


for these two study areas. The SISA data set was 
modeled separately from the CSA and GSA data 
sets because it was conducted by a separate set of 


investigators using somewhat different protocols, 
and because this study occurred in the Basin and 
Range - West RU. In modeling the GSA and 
CSA data, we considered the global model to be 
10... p...} (AIC = 249.05, K = 28 parameters); 
is fachaded sxndy ance (or gpoup, 9). sex (A, and 
age (a) effects. We did not include time effects 
because only two recapture periods were present 
in the data. The selected model 

10, osu amesat Vancsar Por Pood (AIC = 
224.24, K = 6) included (1) separate estimates of 
juvenile (/) survival for cach study area, (2) a 
single estimarz for subadults (S) and adults (A) 
of both sexes on the GSA combined with sub- 
adults of both sexes and male adults (AM) on the 
CSA, and (3) a single estimate for adult females 
(AP) on the CSA. No significant study area 
effects in terms of recapture probabilities (p) 
were found but there was an age effect ($1 # $2 
and A age classes). However, the estimate of @ 
for CSA females was 1.000 ( st (6) = 0.000), 
which was unsuitable for modeling purposes. 
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have higher survival than males, the 6 for adult 
females on the CSA was probably an artifact of 
limited number of caprure occasions. Such a 
result is possible from a study with only three 
capture occasions. Therefore, we used the nearest 
model to the selected model; i-c., the model 
with the next lowest AIC. This model (0... 0, .. 
Poo P, J (AIC = 229.53, 
K = 5) included separate estimates of juvenile 
survival for the two study areas and a single 
estimate for subadults and adults, with no sex 
effects (Table 2.2). Recapture probabilities were 
modeled the same as the previous model. 
Estimated differences in juvenile survival 
between the two study areas may represent 
differences in survey effort around the study 
areas and differences in study area size rather 
than real differences in the rates. For more 
explanatory details, refer to the Population 
Trends section. 
the SISA. For all the preliminary models exam- 
ined, survival estimates became bounded at the 
upper limit of | indicating problems with the 
estimation procedure. The selected model (6, p) 
had a single survival estimate (6 = 1.0000, 
ge (6) = 0.0000) and a single estimate of recap- 
ture probability (p = 0.2366, se (p) = 0.0344) 
with no age, sex, or time effects on either esti- 
mate. Such a conclusion is not biologically 
realistic; and given that the protocol used in this 
study did not stress resighting of marked birds 
(as evidenced by the low estimate of p), we do 
not feel these results are useful. 





Table 2.2. Apparent survival (6), recapture probability (p), and cir sampling standard errors 
estimated for Mexican spotted owls between 1991 and 1993 on the Gila Study Area (GSA), New 


Mexico, and the Coconino Study Area (CSA), Arizona. 








Age-class (Study area) se (6) ; se () 

Juvenile (GSA) 0.0643 0.0366 O.714% 0.1524 
Juvenile (CSA) 0.2861 0.0785 0.7147 0.1524 
Subadult & Adult (GSA & CSA) 0.8889 0.0269 __—«0.9818 0.0176 





“"Recapture probabilities for juveniles represent probability of recapture as an $1 or S2 individual 
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Radio-tracking Studies 


Binomial estimators allow estimation of 
truc survival (S) where 1 - S = mortality. Esti- 
mates of S can be derived from radio-telemetry 
data and are preferable to estimates of apparent 
radios do not influence survival, and sufficient 
numbers of radios are available for precise 
on 73 radio-marked individuals from six studies 
at four geographic locations (Table 2.3). We also 
used 22 juveniles from two independent studies, 
one in Colorado (R. Reynolds, unpub. data) and 
one in Utah (Willey 1992a, b). We selected the 
and Meier 1958) as modified by Pollock et al. 
(1989) to analyze the radio-tclemetry data. This 
estimator allowed for staggered entry of indi- 
of right-censored data (exact fates of individuals 
unknown due to radio failure) without incurring 
the biases due to censoring discussed by White 
and Garrott (1990). In addition, this estimator is 
an underlying hazard function that must be 
mathematically tractable (Pollock et al. 1989). 
Kaplan-Meier estimator: (1) individuals have 
been randomly sampled; (2) survival of the 
marked animal is independent of other individu- 
als; (3) attached radios do not influence survival; 
(4) censoring is random and unrelated to an 
individual's fate; and (5) newly marked individu- 
als have the same survival rate as previously 
marked individuals. We were unable to test these 
assumptions because of low sample sizes and 
design of the studies. However, we felt that 
assumption (1) was probably not met because of 
the nature of the studies whereas assumptions 
(2)-(5) probably were met. However, controversy 
exists whether radios and their attachment 
(assumption 3) affect survival (Paton et al. 1991, 
Foster et al. 1992), although the studies reported 
here used tail-mounted radios rather than the 
backpacks discussed by the references. This 
assumption cannot be tested with just radio- 
tracking data. 
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Adult and subadult age classes were pooled 
for analyses because of the small sample of 
subadults in the radio-marked samples and for 
Sex-specific estimates of adult and subadul: 
necessary because of low sample sizes vathin 
cach study area. In addition, data on both sexes 
estimates from the CSA population study on 
that forest. The pooling of data across study areas 
and years prevented us from examining 
spatial and temporal variation in the Kaplan- 
Meier estimates of survival. In all Kaplan-Meier 
models, the annual sampling period started on | 
population studies, and this was the “birth” date 
used for fledglings in population modeling 
(Franklin 1992). In all models, individuals 
recycled bac’: to the beginning. For example, an 
individual that was radio-marked in July and 
then had radio failure in August of the following 
year would be initially added in July, added again 
in the following June, and then censored in 
August. In this way, the number of entries in the 
model exceeded the actual number of individuals 
tagged and the only fates for an individual were 
to die or be censored from the analysis. 

Estimates of S for adults and subadults 
combined were close to identical for both sexes 
when study areas were pooled (Table 2.4). On 
the Coconino National Forest, Kaplan-Meier (5) 
and mark-recapture (@) estimates were compared 
for adult/subadult (both sexes combined) and 
juvenile age classes using a Wald test (Carroll 
and Ruppert 1988, Hosmer and Lemeshow 
1989): 


(S-or 


var (8) + war (6) 





X,,* 


Estimates from mark-recapture data were 
not significantly different from those estimated 
from the radio-telemetry data (y= 0.950, | df, 
P « 0.330). Estimates for juvenile survival from 








Table 2.3. Description of radio-tclemetry studies conducted on adult and subadult Mexican spotted owls in the Upper Gila (Norther AZ, Coconino 
NF, AZ), Basin and Range - East (Lincoln NF, NM), Southern Rocky Mountains Colorado (Rocky Mrs, CO), and Colerado Plateau (Zion NP, UT) 
RUs. 











Number of Individuals 

Ganey (1988) Northern AZ 1986-1987 5 3 « 
Ganey and Block (unpublished data) Coconino NF, AZ 1990-1993 7 6 13 
Kroel and Zwank (1991) Lincoln NF, NM 1990-1991 4 5 9 
Ganey and Block (unpublished data) Lincoln NF, NM 1992-1993 9 6 15 
Reynolds (unpublished data) Rocky Mrs, CO 1992-1993 9 4 13 
Willey (unpublished data) Zion NP, UT 1991-1992 9 3 12 

Total 43 0 73 
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the radio-telemetry data (Table 2.4) were not 
significantly different from estimates from mark- 
recapture data collected on the CSA (y° = 0.752, 
1 df, P = 0.386) or the GSA (y? = 2.749, 1 df, 

P = 0.097). 


Survival Estimators from FS Region 3 
Monitoring Studies 


The FS has inventoried Mexican spotted 
owl MTs since 1984, and conducted informal 
and formal monitoring since 1989 (Table 2.5). 
Summaries of monitoring data were supplied by 
the FS (see Sources of Information section). For 
each MT, presence of owls (single male, single 
female, single unknown, unknown age and sex, 
or pair, or exse unchecked) and result of repro- 
duction (0, 1, 2, 3 young, unchecked, or uncon- 
firmed) were noted. 

Persistence of a pair can be estimated from 
occupancy data gathered during the FS spotted 
owl monitoring program. Pair persistence rate is 
defined here as the probability that a territory 
containing a pair of owls in one year will contain 
a pair in the succeeding year (but see discussion 
of biases below). An individual territory must be 
monitored both years to compute this statistic. 
The overall persistence rate was 80.5% for 824 
territories monitored with formal and informal 
protocols (Table 2.6). Note that some territories 
had persistence estimates for their first year 
because some of these MTs were surveyed as part 
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of inventory the preceding year. No differences 
in the persisterce rate across years were detected 
for the informal monitoring data (1989-1993; 
x = 2.543, 4 df, P = 0.637), or the formal 
monitoring data (1989-1993; x° = 3.233, 4 df, 
P = 0.520). We found no significant differences 
for year (y° = 4.2546, 4 df, P = 0.373), monitor- 
ing type (7° = 0.7133, 1 df, P = 0.398), or their 
interaction (y° = 1.3162, 4 df, P = 0.859) using 
a logistic regression model (Hosmer and 
Lemeshow 1989). 

The overall persistence rate based on pairs 
versus no pairs from 1989-1993 formal and 
informal monitoring types (0.805, SE = 0.0138) 
was used to estimate adult survival (5 ). If pairs 
are assumed to remain on the same territory, lack 
of a pair on a territory that was previously 
occupied infers the death of one or both mem- 
bers of the oair. This is a difficult assumption to 
accept because pairs have been observed to 
change nest locations, but it allows some infer- 
ence about adult survival. The dichotomy of 
pairs versus no pairs was used because this 
assumption is the simplest one possible for 
estimating survival from persistence. Single birds 
(i.c., persistence of a single) could be included in 
the analysis to estimate survival, but would 
require an assumption that single males persisted 
on the territory at the same rate as single fe- 
males. Another bias is failure to detect a pair 
when both birds are present. Using the di- 


chotomy of pairs versus no pairs, and assuming 





Table 2.4. Estimates of true survival (S) for Mexican spotted owls based on radio-telemetry 








data. 
Group n $ se (S) 95% CLL. 
ADULTS 
All Study Areas 
Males 71 0.799 0.062 0.676 - 0.970 
Females 47 0.806 0.084 0.642 - 0.970 
Coconino N.F. 
Both Sexes 4) 0.800 0.087 0.630 - 0.970 
JUVENILES 
Colorado & Utah 25 0.124 0.058 0.010 - 0.238 





"Number of entries in Kaplan-Merer estimator 
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Table 2.5. Number of management territories checked one or more times during the Mexican 


spotted owl monitoring program of FS Region 3. 








Year Formal Informal Inventory 
1984 0 0 13 
1985 0 0 37 
1986 0 0 17 
1987 0 0 28 
1988 0 0 129 
1989 90 56 153 
1990 40 221 199 
1991 150 233 75 
1992 157 287 49 
1993 159 225 44 





Table 2.6. Persistence of a Mexican spotted owl pair on a territory for formal and informal moni- 
toring data, with “persistence” defined as the probability a pair of owls will exist on a territory given 
that a pair was on the same territory the previous year. Data are from the monitoring program of FS 














Region 3. 
Formal Informal 
Year n Persistence r Persistence 
1989 49 0.796 14 0.857 
1990 23 0.783 109 0.743 
1991 97 0.804 99 0.758 
1992 97 0.876 114 O.R16 
1993 lil 0.856 111 0.784 
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that both adults survive at the same sate and 
independent of one another, then (sy = 0.805, 
or S = 0.897 (se (S ) = 0.0077). This estimate is 
very close to the observed estimate of apparent 
survival from the population studies (0.889). 

Two biases of opposite direction are pos- 
sible for an estimate of adult survival based on 
pair persistence. A pair of owls may leave a 
territory for reasons other than the death of one 
member of the pair, resulting in an estimate of 
survival biased low. In contrast, one member of a 
pair may die, but the remaining member may be 
able to obtain another mate and stay on the 
territory. Another possibility is that both mem- 
bers of a pair dic, but the territory is occupied by 
a new pair. In these situations, the estimate of 
survival is biased high. For this reason, we note 
the similarity of persistence-based survival (S$) to 
mark-recapture estimates (@) but we relied solely 
on the mark-recapture estimates to estimate 
population trends. 

The 1989-1993 formal and informal 
persistence data were also analyzed by recovery 
unit (Table 2.7) using a logistic regression model 
that included year (1989-93), recovery unit and 
the interaction between the two factors. No 
differences were found for year (x° = 5.9688, 

4 df, P = 0.202), recovery unit (7? = 2.6129, 
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4 df, P = 0.624), or the interaction berweer the 
two (x2 = 13.1995, 15 df, P = 0.587). Therefore, 
a reduced model with only recovery unit was 
analyzed; and again, no differences were found 
for recovery unit (y° = 7.0271, 4 df, ? = 0.134). 


Survival Estimates from Band Return Data 


Records from the FWS Banding Laboratory 
were checked to determine if adequate banding 
data were available for estimation of survival. All 
records obtained from the Laboratory were part 
of studies reported above, so did not provide 
additional information. 


Age- and Sex-specific Fecundity 


Fecundity (m_) can be defined as the mean 
annual number of live births of a given sex by a 
parent of that same sex over an interval of age 
(Caughley 1977), ¢.g., the number of female 
young per adult female. For Mexican spotted 
owls, we defined live births as the number of 
young fledging from the nest because the num- 
ber of live births at hatching was not s-easured. 
To estimate fecundity, we initially used the 
number of total young (e.g. of both sexes) 


fledged per pair as the response variable from the 





Table 2.7. Persistence of a pair of Mexican spotted owls on a territory for the five recovery units 
contained in the FS Region 3 monitoring database for 1989-1993, with “persistence” defined as the 
probability a pair of owls will exist on a territory given that a pair was on the same territory the previ- 
ous year. Survival rate is the probability that both members of the pair survived the year, and is the 


square root of persistence. 











Recovery Unit n Persistence Survival Rate 

Basin and Range - East 258 0.779 0.883 

Basin and Range - West 114 0.833 0.913 

Colorado Plateau 8 0.500 0.707 

S. Rocky Mountains - NM 31 0.742 0.861 

Upper Gila Mountains 413 0.823 0.823 
Velume 1/Chaprer 2 1] 
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two appropriate population studies (GSA and 
CSA) and the FS monitoring database. The 
third population study (SISA) was included in 
the analysis of the FS monitoring database 
because the methods used and territories moni- 
tored were identical. We analyzed the twe 
population studies separately from the monitor- 
ing database to obtain fecundity estimates 
directly related to the mark-recapture estimates 
of survival. Estimates for number of young 
fledged were converted into fecundities by 
dividing the means in half and adjusting the 
standard errors accordingly. This procedure 
assumed a 1:1 sex ratio at fledging and that sites 
where reproductive data were gathered were 


independent across years. 
Fecundity Estimates from Population Studies 


We used the general linear models proce- 
dure in SAS (PROC GLM; SAS Institute Inc. 
1985) to examine differences in time, age, and 
study areas for number of young fledged by male 
and female Mexican spotted owls. Average 
number of young fledged for all years differed 
between the GSA and CSA (F = 3.73; 1, 151 df; 
P = 0.055) but average number of young per 
year for combined study areas did not differ 
among years of study (F = 1.58; 2, 151 df; 

P = 0.210). Based on a prior: linear contrasts, 
number of young fledged by first-year subadults 
was different from second-year subadults and 
adults combined for both males (F = 3.45; 1, 
151 df; P = 0.065) and females (F = 16.24; 1, 
151 dt; P< 0.001; Table 2.8). 


Fecundity Estimates from FS Region 3 
Monitoring Database 


An objective of the FS Region 3 monitor- 
ing program was to monitor reproduction (Table 
2.9). Differences in mean reproduction across 
monitoring methods and years were tested with 
analysis of variance (ANOVA). Reproduction is a 
categorical variable, because only values of 0, 1, 
2, and 3 young are observed. However, ANOVA 
techniques are still appropriate because of the 
large sample sizes involved (even though sample 
sizes are unequal); and hence, the cell means 
being approximately normally distributed as a 
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result. Another possible procedure might be a 
log-linear analysis. However, the null hypothesis 
of a log-linear model would be that the distribu- 
tions are the same, compared to the null hypoth- 
esis of ANOVA that the means are the same. 
Thus, a log-linear analysis may reject the null 
hypothesis even when the mean fecundity rates 
do not differ. We did not use a log-linear analysis 
here because we are primarily interested in the 
mean rates. 

All data for 1989-1993 were used to test for 
differences between formal and informal moni- 
toring types (Table 2.9). The year effect was 
significant (F = 14.09; 4, 685 df; P< 0.001), but 
monitoring method (F < 0.001; 1, 685 df; 

P = 0.956) and the interaction (F = 1.23; 4, 
685 df; / = 0.295) were not significant. The 
average number of young fledged/pair across 
years was 1.006 (n = 695, SE = 0.037), giving a 
fecundity estimate of 0.503 (SE = 0.018). 

Differences in mean reproduction among 
recovery units with years included in the model 
was tested for formal and informal monitoring 
data for 1989-1993. The year effect was signifi- 
cant (F = 3.03; 4, 672 df; P = 0.017), as were 
recovery unit (F = 12.55; 4, 672 df; P< 0.001), 
and their interaction (F = 2.86; 14, 672 df; 

P < 0,001). Mean reproductive rates are given in 
Table 2.10 for each year and recovery unit, plus 
the recovery unit mean across the years 1989- 
1993. Reproduction estimates from the FS 
monitoring database were compared to estimates 
from the population studies (CSA and GSA) for 
the same two National Forests, i.c., Coconino 
and Gila. The ANOVA model included year 
(1991-1993), National Forest (Coconino, Gila), 
and monitoring method (population study 
versus formal and informal monitoring), plus all 
the interactions of these three factors. None of 
the factors was significant (7 2 0.300) except the 
interaction between forest and monitoring 
method (F = 5.24; 1, 267 df; ? = 0.023). Table 
2.11 presents the four means that produced this 
interaction. 

Although the reasons behind this interac- 
tien are unknown, we speculate that two expla- 
nations are possible for this difference. First, 
differences in following the monitoring proto- 
cols between personnel in the Coconino and 
Gila National Forests may have led to the 
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Table 2.8. Sample size () and estimates (mean and SE) of number of young fledged/pair and fecundity (female young fledged/female) from the GSA’ 


and CSA* Study Areas. 1991-1993. 














No. Young Fledged/Pair Fecundity 
Mean SE sh‘ se(m)* 

GSA 
Female S2 & A 68 1.1617 0.1060 0.5809 0.0530 
$1 7 0.0000 0.0000 0.0000 0.0000 
Male S2&A 75 1.0533 0.1038 0.5267 0.0519 
$1 Oe ee ae 

CSA 
Female $2 & A 74 1.5405 0.1250 0.7703 0.0625 
$1 8 0.2500 0.2500 I.1250 0.1250 
Male S2&A 73 1.5205 0.1266 0.7603 0.0633 
$1 9 0.5556 0.3379 0.2778 0.1684 





* Coconino study area (CSA), Gila study area (GSA) 


* Number of pairs adequately checked for reproductive activity 


m = (mean number young fledged/pair)/2. i.¢., an equal sex ratio at fledging is assumed 


‘ & (mh) = SE/2 


2/2 
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Table 2.9. Number of Mexican spotted owl pairs checked (m), mean, and standard error (SE) for 
number of young fledged per pair for 1989-1993, based on formal and informal monitoring methods. 














Formal Informal 
- P Mean SE n Mean SE 
1989 6! 1.246 0.116 18 0.944 0.206 
1990 20 0.200 0.092 77 0.494 0.092 
1991 79 1.177 0.106 81 1.321 0.112 
1992 99 1.172 0.097 105 1.152 0.095 
1993 85 0.882 0.105 70 0.743 0.10] 





observed differences between the population 
studies and other monitoring systems. Monitor- 
ing approaches in the population studies are the 
same because cach was conducted by the same 
research group using standardized methods and 
experienced personnel. A second possibility is 
that the population study areas are not represen- 


tative of the surrounding habitat for their respec- 


tive forests; and thus, the observed difference is 
real and caused by habitat differences on cach 
forest. Alternatively, monitoring sites may not be 
representative of the forest because management 
territories were selected because of proposed 
timber sales (with better quality owl habitat) or 
historical locations (with casy access). 


Effects of Forest Type on Life 
History Traits 


We examined the effects of forest type on 
both reproduction and persistence, which can be 
viewed as an indirect measure of survival. We 
used two sources of information to examine the 
cftects of forest type on reproduction: the FS 
Region 3 monitoring database and data from 
Skaggs and Raitt (1988). For persistence, we 
used data from the FS Southwestern Region 
monitoring database. These were the only 
sources of data available to the Team which 
coupled habitat information with data used to 


estimate life history traits. 
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Effects on Reproduction 


The FS Region 3 monitoring database 
included for each MT the percent (recorded to 
the nearest 25%) of the core area consisting of 
the following forest types: mixed conifer, pine- 
oak, ponderosa pine, pinyon-juniper, oak, 
Arizona cypress, sycamore, other riparian, and 
unsuitable for owls. We computed the Pearson 
correlations (r) between cach of these forest type 
variables and number of young produced on an 
MT for each year, given that a pair of owls was 
present. Significant correlations were found for 
mixed-conifer (r = -0.131, P< 0.001), pine-oak 
r= 0.084, P= 0.011), other riparian (r = 0.062, 
P = 0.064), and unsuitable (r = 0.098, 

P = 0.003), with none of the remaining variables 
significant (? > 0.154). This analysis suggested 
that the more mixed-conifer present, the lower 
the reproductive rate (a negative correlation), 
and the more unsuitable forest type, the greater 
the reproductive rate (a positive correlation). 
When the forest type variables were used in a 
step-wise regression to predict number of young 
fledged, mixed-conifer and unsuitable were both 
selected (/?< 0.017), while none of the remain- 
ing variables was included (/’ > 0.150). The 
regression explained only a very small amount 
(2.3%) of the variation in the number of young 
fledged, with the signs of both variables in the 
opposite direction of what we expected based on 
radio-telemetry stus + ° .aney and Dick 1995). 
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Table 2.10. Number of Mexican spotted owl pairs checked (m), mean, and standard error (SE) for 
number of young produced per pair for 1989-1993 by recovery unit, based on formal and informal 
monitoring methods. 








Recovery Unit Year " Mean SE 
Basin and Range - East 1989 56 1.161 0.124 
1990 47 0.021 0021 
1991 $3 1.264 0.140 
1992 oO 0717 0107 
1993 45 0.356 oil 
and - All 261 07% 0.057 
Basin Range - West 1989 0 _ - 
1990 7 0.143 0.143 
1991 25 0.960 0.204 
1992 32 1.469 0.162 
1993 16 1250 0.233 
All 80 1.180 0.110 
Colorado Plateau 1989 0 - ee 
1990 i 2.000 
1991 1 2.000 : 
1992 2 2.000 0.000 
1993 2 4.000 0.000 
All 6 2.333 O21] 
S. Rocky Mountains - NM 1989 5 0.800 0.490 
1990 5 0.000 0 000 
1991 5 1.400 0.600 
1992 10 1.300 0.335 
1993 6 0.167 0.167 
All 31 0.806 0.188 
Upper Gila Mountains 1989 18 1.333 0.181 
1990 37 1.027 0.142 
1991 76 1.316 0.105 
1992 100 1.300 0.099 
1993 RG 0.977 0094 
All 317 L186 0 05) 





Table 2.11. Sample size (n), mean, and standard error (SE) for the number of Mexican spotted owl 
young produced per territory for 1991-1993, based on population studies (CSA and GSA’) and formal 
and informal monitoring methods in the Coconino and Gila National Forests. 














Formal & Informal 
Population Study Monitoring 
National Forest n Mean SE n Mean SE 
Coconino 82 1.415 0.123 88 1.045 0.098 
Gila 75 1.053 0.104 4 1.294 0.137 





*Coconmeo study area (CSA), Gila seudy area (GSA) 
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When we examined the database to determine 
the distribution of territories with mixed-conifer, 
we found that 276 territories with 100% mixed- 
conifer cover occurred in the Basin and Range - 
East RU. These 276 territories » cre 79.3% of 
the territories that had 100% mixed-conifer. 
However, only 6 territories with <100% mixed- 
coniter occurred in the Basin and Range - East, 
or 1.1% of <100% mixed-conifer. Because of 
this inequitable distribution of mixed-conifer 
territorics across recovery units, the comparison 
of mixed-conifer becomes a comparison of 
recovery units, not forest type, with nearly total 
confounding of recovery unit and mixed-conifer 
habitat. As shown in Table 2.10, the Basin and 
Range - East RU has lower fecundity than all the 
other recovery units. When the recovery unit is 
included in the step-wise regression, the Basin 
and Range - East unit is included in the regres- 
sion, but the mixed-conifer variable is excluded. 
Possibly, mixed-conifer may be the underlying 
cause of the differences between recovery units. 
However, so many other factors, such as climate, 
are confounded with this variable that such an 
inference is highly questionable. 

A similar problem occurs with the unsuit- 
able forest type variable. Only 9 of the 907 
territories contained unsuitable forest type and 
all 9 eccur in the Tonto NF in the Upper Gila 
Mountains RU. Why these 9 territories had 
better than average fecundity is not clear, but the 
unbalanced distribution of the unsuitable forest 
type across territories implies that the conclusion 
that the unsuitable forest type increases fecun- 
dity is inappropriste. 

Because comparisons of forest type within 
territories are confounded with recovery unit, 
the FS Southwestern Region monitoring data- 
base is unsuitable to make such comparisons. To 
test for the effect of forest type on fecundity, a 
sample that is not confounded must be taken 
(such as the Skaggs and Raitt data discussed 
next), where the differences between territories is 
just the forest type, and these differences are not 
confounded by differences in climate, ete. Other 
problems are inherent in this approach. The 
spatial scale at the territory level may not be the 
scale at which owls perform habitat selection. 
Overall forest configuration may not be as 
important as specific habitat characteristics 
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within the territory, such as a nest *ree oF roost 
sites needed by the nesing pair. Management 
the percentages of the var‘ous habitats included 
in the territory reflects the biologist’s perception, 
not what owls may actually be using. Further, 
unless habitat is manipulated, cause and effect 
cannot be inferred from the kind of analysis 
performed here, even though it is tempting to 
do so 


We reanalyzed data presented in Skaggs and 
Raitt (1988), who surveyed 18 quadrats, cach 23 
km’ (9 mi’) in size. Six quadrats were placed 
randomly into three areas, cach of which was 
dominated by cither pinyon-juniper (PJ). 
ponderosa pine (PP), or mixed-conifer (MC) 
forest types. We used a #-test to test whether the 
number of young fledged per pair was different 
between PP and MC forest types using quadrats 
as replicates. We did not include the P] forest 
type in the analysis because no pairs were found 
in the quadrats dominated by this type. We 
found no significant difference in the number of 
young fledged per pair (¢ = 1.58; 8 df; ? = 0.152) 
although numbers of owls differed by forest type 
(Ward et al. 1995), suggesting that demographic 
processes may differ between the forest types. 
The estimate for MC forest types (? = 0.88 
fledged young per pair, SE = 0.281) was greater 
than the PP type (# = 0.25, SE = 0.25). Lack of 
significance may have been duc to low power 
resulting from small sample sizes, thus we feel 
the study should be repeated with larger num- 
bers of quadrats. 


Effects »n Persistence 


Logistic regression models predicting 
persistence from the forest type variables were 
also constructed. Only mixed-conifer 
(fp = -0.0047, P = 0.076), ponderosa pine 
(f = 0.0072, P = 0.090), and oak (p = 0.0346, 
P = 0.003) appeared important in predicting 
persistence, with the remainder of the habitat 
variables not significant (/’ > 0.167). As with 
reproduction, the model for mixed-coniter 
suggests that increasing amounts of this forest 
type in the defined core area of MTs results in 











habitat across recovery units makes this analysts 
inappropriate. 


Conclusions 


affect reproduction and/or survival of nestlings 
through fledging and to adulthood. However, 
adult survival rates appear to be relatively con- 
stant across var, as suggested by high pai 
persistence rates. Such life history characteristics 
are common for K-selected species, for which 
populations remain relatively stable even though 
recruitment rates might be highly variable. With 
no recruitment, the population only declines at 
the rate of | minus adult survival, or the adult 
mortality rate. 

Undoubtedly, long-lived organisms experi- 
ence a range of environmental conditions 
through time. Conditions that result in simulta- 
neously low survival and reproduction can lower 


average population persistence rates dramatically, 


when examined over a period that is short 
relative to the organism’ life span. The converse, 
simultancously high survival and reproduction, 
tence dramatically, is also possible. However, the 
magnitude of the effect of such a sudden de- 
Crease of increase on average persistence will 
naturally decline as the observation of a given 
population is extended in time, while the prob- 
ability of detecting such events will increase with 
observation time. In addition, dispersal among 
subpopulations can greatly influence the persis- 
tence of relatively isolated populations (Keitt et 
al. 1995). Successful dispersal may also be a rare 
and time-dependent event of a density-depen- 
dent event. We currently have little information 
on the frequency of immigration and its associ- 
ated influence on population persistence. Thus, 
reliable conclusions on the persistence of Mexi- 
can spotted owl! populations must await addi- 
tional study. Without reliable projections on the 


owl's persistence, we can only summarize conclu- 


sions about the owl's survival and reproduction 
based on short-term but current knowledge. 


Jib 
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Survival 


Annual survival rates of adult Mexican 
spotted owls is -0.8-0.9 based on short-term 
population and radio-tracking studics and 
survival estimates can be viewed as the probabil- 
ity of an individual surviving from onc year to 
the next or as the proportion of individuals that 
will survive from one year to the next. A varicty 
of different estimators of adult survival using 
different types and sets of data gave similar 
results. Juvenile survival is considerably lower 
(-0.06-0.29) than adult survival. Juvenile sur- 
vival also appears more variable spatially, al- 
though this conclusion reflects only two popula- 
tion study arcas and two radio-tclemetry studies 
spanning two years or less. 

We strongly suspect that estimates of 
juvenile survival from the population studies are 
biased low because of (1) a high likelihood of 
permanent dispersal (emigration) from the study 
area, especially the smaller GSA, and (2) a lag of 
several years before marked juveniles reappear as 
territory holders, at which point they are first 
detected tor recapture. Concerning the first 
point, juvenile northern spotted owls have a 
high dispersal capability (reviewed in Thomas et 
al. 1990). If Mexican spotted owl juveniles have 
a similar dispersal capability, we expect that a 
substantial portion of marked juveniles will 
emigrate from the respective study areas. How- 
ever, estimates from the radio-telemetry study 
roughly corroborated the low estimates from the 
population studies. Biases in the radio-telemetry 
estimates of juvenile survival can result if radios 
significantly affect their survival. Whether radios 
or their attachment affect survival of northern 
spotted owls is debatable (Paton et al. 1991, 
Foster et al. 1992). Concerning the second 
point, Franklin (1992) found a lag of 1-4 years 
between the time when juvenile northern 
spotted owls were banded and subsequently 
recaptured. If this process is sinular for Mexican 
spotted owls, then the current population studies 
may be of insufficient duration to adequately 
estimate juvenile survival. 

In summary, our survival estimates are 
based primarily on studies of insufficient dura- 
tion or studies not explicitly designed to estimate 





survival. In most cases, the data were too limited 
to support or test the assumptions of the estima- 
tors used. However, the age- and sex-specific 
estimates of survival calculated here are useful at 
this point as qualitative descriptors of the life- 
history characteristics of Mexican spotted owls. 
That is, Mexican spotted owls exhibit high adult 
and relatively low juvenile survival. In this 

ties appear similar to northern (see review in 
Burnham ct al. 1994) and California spotted 
owls (Noon and McKelvey 1992). 


Reproduction 


Reproductive output of Mexican spotted 
owls, defined as the number of young fledged 
Mexican spotted owls may have a higher average 
reproductive rate (1.001 fledged young per pair) 
than the California (-0.712; Noon and 
McKelvey 1992) and the northern spotted owl 
(-0.715; Thomas et al. 1990). Both of the other 
subspecies exhibit temporal fluctuations in 
reproduction similar to the Mexican subspecies. 


Effects of Forest Type 


We feel the data collected by Skaggs and 
Raitt (1988) were more appropriate for examin- 
ing the effects of forest type on reproduction 
than our analysis of the monitoring data. Their 
study was designed to look at the relationship 
whereas the monitoring program was not. 
However, the Skaggs and Raitt data lacked 
sufficient statistical power to detect differences 
in reproductive output between the three forest 
types. This problem arose primarily because 
significantly fewer spotted owls were found in 
the pinyon-juniper and pine forest types than in 
mixed-conifer forests (Ward ct al. 1995). The 
primary problem in using data on forest types 
from MTs is that the data are confounded for 
making the desired comparisons. Further, the 
core delineations were subjective. In addition, 


forest types included within MT boundaries may 


not have been used by the owls for which the 
given MT was established. For these reasons, we 
feel that definitive data linking Mexican spotted 
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owl reproduction and forest type are still lacking, 
even at the coarse-grained scale that we cxam- 
ined. Further, forest type affects more than just 
reproduction; so additional data are needed to 
evaluate how forest type affects survival, and 


POPULATION TRENDS 


We estimated trends in Mexican spotted 
owl populations two ways: as the finite rate of 
population change, lambda (A), and as trends in 
the rate of occupancy of spotted owl territories. 


Finite Rate of Population Change 


Lambda was computed for female Mexican 
spotted owls from the age-specific survival and 
fecundity rates obtained from two population 
study areas, the GSA and CSA (see Life History 
Parameters section). Lambda is a useful metric 
because it measures both the direction and 
magnitude of change in population trends. 
Direction of population trends can be character- 
ized as stationary (A = 1), declining (A < 1) or 
increasing (A > 1). The magnitude in change is 
expressed as the annual rate of change, R, where 
R= i.-1 for a birth-pulse population. From a 


populstion management perspective, the statisti- 


cal hypothesis is A < | versus the null b. ypothesis 
that the population is cither stationary or in- 


creasing (A 2 1). This is a one-sided test of the 





form: 
7 -« 1-) 
se (h) 
where Z is normally distributed with p « 0, 
o«1. 


We used a Leslie matrix (Leslie 1945) as 
modified by Usher (1972) to compute estimates 
of A based solely on the estimates of age-specific 
fecundity and survival probabilities obtained 
from the two study areas. The form of the moatrix 
followed Usher (1972): 


Om Om. 
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where @, = juvenile survival, @, = survival for the 
subadulkt and adult age classes combined, 

m, = S1 fecundity, and m, = fecundity for S2 
and adult age classes combined. The form of the 
matrix assumed a birth-pulse population with a 
post-breeding census and a projection interval of 
one year (Noon and Sauer 1992). Lambda was 
estimated as the dominant cigenvaluc associated 
matrix using power analysis (Caswell 1989). The 
se(A) was estimated using the delta method 
(Seber 1982, Alvarez-Buylla and Slatkin 1994), 
which included the sampling covariances for the 
estimated survival probabilities. 

Parameter estimates used to compute A 
(Table 2.12) were taken from only the two 
population studies because all of the required 
mates were based on the mark-recapture estima- 
tors. Estimates of A were computed separately 
ences in fecundity and juvenile survival between 
the two areas. 

We obtained estimates of 2 which were 
significantly lower than | for the GSA but were 
not significantly different from | for the CSA 
(Table 2.13). These estimates of A represent 
trends in populations for only the places and 
times of study, and are based on only 3 years of 
data collection. We believe the estimate of A 
from GSA is <1 because of ivias in the estimate 
of @, due to emigration from the study area. 
GSA is about 1/2 the size of CSA, so that the 
bias of juvenile emigration is greater for this 
smaller study area. The bias of 6, from juvenile 
emigration from the study area is a function of 
study area size. E. Forsman (FS, Pacific North- 
Olympia, WA, pers. comm.) found juvenile 
emigration rates for northern spotted owls of 
G0 using radio tracking. 

We also estimated the parameter values 
necessary to obtain a value for A of 1, oF a 
stationary population, given vhat the other 
parameter estimates were the same and were 
unbiased and precise (Table 2.14). These results 
suggest that estimate of juvenile survival for the 
GSA must increase substantially (ic, remove the 
bias in the estimate from emigration from the 
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study area) for the population to be stationary. 
However, the estimate of guvenile survival for the 
CSA was close to that expected for a stationary 
population on the GSA. The difference in 
juvenile survival between the two arcas may be 
attributed to 2 causes. First, survey effort may 
differ between the 2 study areas. FS personne! 
conduct more Mexican spotted owl surveys in 
GSA and hence more color-banded juveniles are 
reported (M. Scamans, Humboldt: State Univ., 
Arcata, CA, pers. comm.). Second, as discussed 
above, the CSA is almost twice as large as the 
GSA, so that juveniles may be less likely to 
disperse off the CSA. 

The large value for $1 fecundity (given that 
A. = 1) for the GSA results from A being insensi- 
tive to that parameter, so that a biologically 
unreasonable value is needed to obtain A = 1. 
That is, the change needed in $1 fecundity to 
make A = | must be so large that the value is 
Occupancy Rate as Measure of 
Population Change 
by the FS, we evaluated the occupancy rate of 
territories, expressed as the percent of territories 
occupied by owls, as a measure of trends in the 
and informal monitoring data (Table 2.15), the 
overall occupancy rate of territories was 63.8% 
pairs, 15.0% not detected (absent), and 21.2% 
with a single bird, or presence of a bird or birds. 
The presence of just a single bird or no detec- 
tions may result from inexperienced crews 
performing the surveys, and hence a biased 
estimate of the actual number of pairs. A logistic 
regression model of pair versus no pair according 
to year (1989-1993), monitoring type (informal 
and formal), and the interaction of these two 
variables suggests a significant difference in 
occupancy rate for monitoring type 
(x! = 3.1840, 1 df. P = 0.074), but no differ. 
ences in the other terms (/’ > 0.288). Presum- 
rated into the formal monitoring system with a 
pair occupancy rate of 67.6% versus 61.0% for 








Mensan Sgemed (be! Recmwen Man 


Table 2.12. Parameters used to estimate A for Mexican spotted owls on the GSA* and CSA’ study 








areas. 

Study Area _— Parameter (6) 6 6 & 

GSA Juvenile Survival 0.0643 0.0366 
Subadult/ Adult 0.8889 0.0269 
Survival 
$1 Fecundity(?) 0.0000 0.0000 
$2/Adult 0.5809 0.0530 
Fecundity(?) 
covld,, 4,) OE) 

CSA Juvenile Survival 0.2861 0.0785 
Subadult/ Adult 0.8889 0.0269 
Survival 
$1 Fecundity(®) 0.1250 0.1250 
$2/Adult 0.7703 0.0625 
Fecundity(?) 
cov(>,, >.) 4.0008 ceccccces 





‘Coconmo study area (CSA), Gila study area (GSA) 


Table 2.13. Estimates and standard errors of A for female Mexican spotted owls on the CSA’ and 


GSA’ study areas. The Z statistic and probability level are for a one-sided test of the null hypothesis of 


A. < 1 versus the alternative hypothesis A 2 1. 














Study Area j ge(\) Z P 
GSA 9247 0.0318 2.47 0.009 
CSA 1.077 0.0453 1.700 0.955 
(_eoomme study area (CSA), Gila ceudy ar 

ane Chega 3 I" 
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Table 2.14. Estimates of population parameters for Mexican spotted owls on the GSA* and CSA’ 
study areas, and the value of the parameter that gives /. = |, provided that all other parameters remain 








at their onginal estimate. 

Study Area Parameter (6) 6 6. 

GSA Juvenile Survival 0.0643 0.2152 
Subadult/ Adult Survival 0.8889 0.9640 
$1 Fecundity 0.0000 10.9286 
S2/Adult Fecundity 0.5809 1.9468 

CSA Juvenile Survival 0.2861 0.1590 
Subadult/ Adult Survival 0.8889 0.8140 
S1 Fecundity 0.1250 0.0000 
S2/Adult Fecundity 0.7703 0.4212 





‘Cecomme study area (CSA), Gila study area (GSA) 


informal monitoring; and hence, ‘ormal moni- 
tored territories were more likely 0» be occupied. 
However, the formal monitoring system looks 
more intensively at the sites for owls, so this 
difference in occupancy rate may be because of 


search procedures, which we suggest as the most 


(Table 2.15) with a logistic regression model that 
included recovery unit, monitoring type (irfor- 
mal and formal), and the interaction of these 
two variables for the years 1989-1993. Type of 
monitoring was not significant (x’ « 0.0191, 
1 df, ? = 0.890), but recovery unit 
(x = 22.7979, 4 df, P< 0.001) and the interac- 
tion of recovery unit and type of monitoring 
(x = 16.1657, 4 df, P = 0.003) were significant. 
As defined and used here, occupancy rate is 
a rather artificial parameter because the selection 
of ternitones for inclusion in the monitoring 
database depends on judgement of human 
observers. MT boundaries are set subjectively, so 
they do not necessarily represent owl home 
ranges. Further, MTs may encompass more than 
one pair (May et al. in press), although this 


the addition of new MTs to the list of those 
already monitored by the FS, level of effort used 


\ esheseme [14 hagpwer 2 


220 2! 


to monitor the MTs (i.c., number of MTs 
cols), and other administrative factors rather 
than true change in the owl population. As a 
complicating factor, MTs are not a random 
sample of all existing Mexican spotted owl 
territories. As can be inferred from Figure 2.2, 
the percent of MTs occupied has dropped since 
1989 because all new MTs added to the moni- 
changes induced by forest alterations over the 
next several decades will make some of the 
currently occupied MTs unsuitable. Thus, we 
expect that rate will decline for 
existing territories. New MTs will probably be 
added to compensate for loss of existing territo- 


We have little confidence in our estimates 
First, accurate and precise estimates of A depend 
on the accuracy and precision of the parameter 
estimates used in the calculations. Estimates of 
juvenile survival may be biased low for reasons 
stated previously and the time over which 
parameters have been estimated is insufficient. 
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Table 2.15. Number of Mexican spotted owl territories checked (m) and the percent of them occu- 
pied by a pair of owls for 1989-1993, based on formal and informal monitoring methods. 














Formal Informal 
nena See " (%) wae . (%) me 
Basin and Range - East 185 70.8 222 60.2 
Basin and Range - West 73 82.2 44 71.4 
Colorado Plateau 12 417 9 22.2 
S. Rocky Mountains - NM 30 43.3 26 846 
Upper Gila Mountains 259 749 400 71.5 





Second, the population studies from which 
parameter estimates were derived have not been 
conducted for a sufficiently long period to 
capture temporal variation. If one considers A as 
an average rate of change over the study period, 
then three years is insufficient to adequately 
estimate A from both biological and statistical 
perspectives. Third, rates of change estimated 
through occupancy provide little information on 
how Mexican spotted owl populations are 
changing for the reasons stated previously. 
However, the analysis does illustrate why rates of 
population change using occupancy are inad- 
equate for estimating trends in Mexican spotted 
owl populations. If nothing else, we believe the 
analytical procedures and framework that we 
have used throughout this section should pro- 
vide a template for future research as well as 
indicate priorities for future research efforts. 


Theoretical Problems with Current 
Monitoring Procedures 


Much effort has been expended by person- 
nel of FS Region 3 in collecting the monitoring 
data summarized here. Unfortunately, the 
monitoring effort was inadequate for detecting 
important changes in the population dynamics 
of the Mexican spotted owl because the appro- 
priate parameters were not measured. 

The primary goal of the monitoring pro- 
gram should be the detection of significant 
changes in population levels of the owl. Such 
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changes can be caused by change in survival rates 
or change in reproduction, or both. The current 
monitoring program only examines reproduc- 
tion. Occupancy rate and pair persistence are 
logically flawed approximations to survival. 
Thus, with the current monitoring system, 
drastic changes in the owl population could 
occur and not be detected; or if detected, the 
current monitoring system would not yield the 
statistical rigor necessary to substantiate the 
conclusion strongly enough to withstand the 
criticism of opponents to the suggested finding. 
Therefore, an improved monitoring system must 
be developed for future work (USDI 1995). 
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CHAPTER 3: Landscape Analysis 
and Metapopulation Structure 


Tim Ket, Aian Franklin, and Dean Urban 


Unii: the northern spotted owl (sce 
Thomas ct al. 1990), the range-wide population 
of the Mexican spotted owl is naturally trag- 
mented into geographically distinct subpopula- 
tions. Thus tar, we have discussed populations at 
the local scale within Recovery Units where 
individuals within subpopulations interact to 
some degree. Understanding population struc- 
ture at larger scales ts Important, cven though 
data are extremely limited at these scales for the 
Mexican spotted owl, Hanski and Gilpin (1991) 
identified two additional scales bevond the local 
scale: (1) a metapopulation scale where individu- 
als infrequently move between subpopulations 
and typically cross unsuitable habitat to reach an 
adjacent subpopulation, and (2) a geographical 
scale where individuals have little likelihood of 
moving to most portions of the geographic range 
of their species. By definition, metapopulations 
are systems of local populations connected by 
dispersing individuals (Hanski and Gilpin 
1991). The metapopulation concept has been 
applied to the conservation of northern 
(Schaectter 1985) and Calitornia (Noon and 
McKelvey 1992) spotted owl populations. 
However, on a geographical scale, the rangewide 
population of Mexican spotted owls may be 
composed of a several discrete metapopulations 
rather than of a single integrated 
metapopulation, Understanding to what degree 
Mexican spotted ow! populations tollow 
metapopulation dynamics ts essential for manag: 
ing the subspecies on all three scales. 


METAPOPULATION MODELS 


Theoretical work has proposed several 
models of metapopulations based on ditterent 
mechanisms tor persistence. These have been 
classified as the Levins model, source-sink, core- 
satellite, patchy, and non-equilibrium 
metapopulations (Harrison 1991). An important 
consideration when reviewing these models is 
that empirical evidence for the existence of the 
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proposed mechanisms in natural populations ts 


debatable (Doak and Mills 1994). 
The Levins Metapopulation Model 


Levins (1969) first introduced the 
metapopulation concept with a simple model. 
This model incorporated three essential require- 
ments tor persistence of a subdivided popula 
tion: (1) density-dependent dynamics of popula- 
tions, (2) asvnchronous dynamics of local 
subpopulations in that not all subpopulations 
have the same rate of change at the same time, 
and (3) dispersal between subpopulations. 
Dispersal ts an essential component of this, and 
all other, metapopulation models and provides 
the mechanism tor recolonizing areas where local 


subpopulations have died out. 


Source-sink and Core-satellite 
Metapopulation Models 


In source-sink models (Pulliam 1988), 
source arcas with self-propagating (typically 
increasing) populations provide a flow of recruits 
to sink areas where populations are not sclt- 
reproducing (and may be declining). Without 
the net flow of immigrants from the source 
areas, populations in sinks would not persist. 
Source-sink mechanisms can be applied to 
contiguously distributed populations where 
habitat conditions can dictate whether a popula- 
tion segment is a source or a sink. This mecha- 
nism can also be applied to a metapopulation of 
discrete subpopulations where habitat or other 
conditions dictate whether such an area ts a 
source or a sink. 

The core-satellite model builds on the 
source-sink model by having a central core 
population which acts as a source surrounded by 
a number of smaller sink populations (Harrison 
1991). Persistence of the satellite populations 
depends upon the central source population. 





Patchy Metapopulation Models 


Patchy populations in the context of this 
model are characterized by a high dispersal 
potential where dispersal takes place on a spatial 
scale greater than the local events causing sub- 
population dynamics (Harrison 1991). The 
patchy metapopulation model is distinguished 
trom the Levins model in that the average 
individual can belong to more than one sub- 
population in its lifetime (excluding its natal 
subpopulation). The result, in effect, is a well- 


mixed version of the Levins model. 


Non-equilibrium Metapopulation 
Model 


Populations characterized by this model 
essentially follow the same dynamics as the 
Levins model except that continuous 
recolonization of extinction-prone subpopula- 
tions has been disrupted. Essentially, this model 
represents metapopulations in decline even 
though one or more subpopulations may be 
stable. Instability of a formerly stable 
metapopulation may result from factors that 
affect one or more subpopulations or when 
contiguous populations are fragmented into 
discrete subpopulations. These factors can 
include natural (e.g... fire, disease) or anthropo- 
genic (c.g., logging, urban development) distur- 


bances. 


DISPERSAL 


In all metapopulation models, dispersal is a 
key component. Dispersal acts as a bridge 
between subpopulations at the metapopulation 
scale to provide immigrants to otherwise isolated 
habitat patches. The tate of these recruits de- 
pends on the status of the subpopulation. If the 


habitat patch has been unoccupied, then the new 


recruits “rescue” it from extinction. If the patch 
is not saturated with territorial breeders, the 
recruits might bolster the breeding population. 
It the patch is saturated, the new recruits might 
persist as nonbreeding “floaters,” perhaps bufter- 
ing the population against future fluctuations. 
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Adult and subadult Mexican spotted owls 
appear to be relatively sedentary once thes 
come to occupy a given site. Juvenile Mexican 
spotted owls, however, almost always disperse 
trom their natal sites (Willey 1993, Hodgson 
and Stacey 1994, Reynolds and Johnson 1994). 
If metapopulation dynamics apply to Mexican 
spotted owl populations, these dynamics prob- 
ably hinge on the flow of juvenile spotted owls 
berween subpopulations. 

Dispersal of young Mexican spotted owls is 
poorly understood. Several studies have at- 
tempted to examine juvenile dispersal through 
radio-telemetry (Willey 1993, Hodgson and 
Stacey 1994, Reynolds and Johnson 1994); but 
sample sizes have been small. Total distances 
moved by 7 juveniles radio-marked in Utah 
(Willey 1993) ranged from 32 to 98 km (20-61 
miles) (median = 41.8 km [26 miles|). Four of 
these juveniles moved back to within 8 km 
(5 miles) of their natal area just prior to the 
breeding season. Hodgson and Stacey (1994) 
also reported 2 juveniles dispersing between the 
San Mateo and Black Mountain Ranges of New 
Mexico, distances of 45 and 58 km (28-36 
miles). In addition, dispersing juveniles crossed 
large expanses of habitat typically considered 
unsuitable for resident spotted owls. Reynolds 
and Johnson (1994) radio-marked 6 juveniles, 
none of which were relocated beyond their natal 
site. The radio-telemetry data suggest that 
juvenile owls have the dispersal capability to act 
as recolonizers between many of the subpopula- 
tions and to provide genetic links between 
subpopulations. Thus far, none of the radio- 
marked juveniles have been recruited into a 
resident, territorial subpopulation. 

With source-sink and core-satellite 
metapopulation mechanisms, juvenile owls from 
source areas must not only reach isolated sub- 
populations but do so in sufficient numbers to 
stabilize sink populations. We examined straight- 
line distances moved by 25 juveniles banded 
trom 1991 through 1993 on the population 
study areas (CSA and GSA) which had been 
recaptured as territorial subadults and adults 
(R.J. Gutiérrez, D. Olsen, and M. Seamans, 
Humboldt State Univ., Arcata, CA, pers. 
comm.). From these data, we generated a prob- 
ability function by fitting an exponential curve 





to distances moved and the cumulative probabil- 
ity that juveniles had moved at least those 
distance (Figure 3.1). This curve represents the 
probability that a juvenile will disperse at least a 
given distance and be recruited into the territo- 
rial population. This curve can also be viewed in 
terms of proportions. For example, about 60% 
of the juveniles would be expected to disperse at 
least 10 km (6.2 miles) and be recruited into the 
population. We provide this information as an 
illustration of the type of data needed to assess 
the role of dispersal in metapopulation dynam- 
ics. The data we used were not designed to 
generate such a curve and may be artificially 
truncated because of lower search effort for 
banded recruits in the larger areas surrounding 
cach of the study areas. Such an effect can be 
responsible for the exponential nature of the 
relationship in Figure 3.1 and underestimate truc 
dispersal distances. 


APPLICATION OF LANDSCAPE 
ECOLOGY 


Landscape ecology is concerned with the 
development, implications, and dynamics of 
landscape pattern. We use the term “pattern” 
generously, but here we are concerned especially 
with three components of pattern: (1) the size 
distribution of habitat patches; (2) the spatial 
orientation of these patches with respect to cach 
other, that is, their juxtaposition; and (3) their 
mutual distance relationships as these might 
influence spotted owl dispersal. 

With respect to metapopulation dynamics, 
landscape analysis is concerned with distance 
relationships among habitat patches as these 
might affect the relative isolation of certain 
patches or regions of patches within the owl's 
range where patches may correspond to distinct 
subpopulations. The issue of so-called patch 
“connectedness” is central to current ideas about 
metapopulation dynamics. By conventional 
definition, two patches are functionally con- 
nected if individuals can disperse between them 
with a probability or frequency above some 
minimum threshold value. We will further 
define connectedness to incorporate patch area 
as well as between-patch distance relationships 
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(see below); thus, a patch may be highly con- 
nected if it is near several small patches or near 
‘ ac large patch. Specifically, we have two con- 


cerns about patch connectedness: 


1. Can we identify habitat patches that 
because of their area and position within 
the landscape might play a particularly 
important role in overall landscape 
connectedness? We expect large habitat 
patches to be important in this analysis. 


te 


Are there habitat patches that might be 
critical to landscape connectedness 
chiefly because of their spatial position, 
that is, despite their smaller size? These 
might function as dispersal conduits or 
small “stepping stones” within the 
landscape. 


The goal of this set of questions is to identify 
habitat patches that might influence patterns in 
owl distribution well beyond their immediate 
location. In the case of a small stepping-stone 
patch, this importance might be despite its 
having rather modest owl populations. Thus, 
critical patches identified in the landscape 
analysis might warrant special consideration in 
the Recovery Plan even though their local 
populations might not elicit any special concern. 


Scale and Resolution in Landscape 
Analysis 


Landscape analysis typically connotes rather 
large spatial scales. In our analyses, we have 
identified two spatial scales of interest. At a 
smaller scale we are concerned with areas such as 
a single National Forest, a scale defined in large 
part by administrative criteria. At a larger scale 
we are concerned with the geographic range of 
the owl as we defined it in this plan. We will 
refer to these scales as “forest” and “rangewide.” 
Importantly, habitat data available at these two 
scales is of very different resolution. Data at the 
forest scale are of higher spatial resolution 
(smaller grain size) and often of higher informa- 
tion content as well, while data at the rangewide 
scale is coarser-resolution and makes fewer 
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Figure 3.1 Dispersal-distance relationship for radio-marked juvenile spotted owls. 
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distinctions about habitat details. For example, 
many forests have digital elevation models 
(DEMs) with a nominal resolution of 30 m (98 
ft) and habitat data corresponding to timber- 
management compartments resolved on the 
order of tens of hectares. At this scale, habitats 
may be defined in terms of tree-species composi- 
tion, size-class distributions, or other details. By 
contrast, the data we have available for 
rangewide analyses have a spatial resolution of | 
km (0.62 miles); habitats at this scale are defined 
as gross cover types (¢.g., pinyon-juniper). Data 
at these two scales lend themselves to the same 
analytic techniques but require rather different 
interpretation because of their different resolu- 


tion and information content. 
Data Availability 


In keeping with the foregoing discussion of 
scale and resolution, we have attempted to 
acquire data at two scales and resolution for 


landscape analyses. At a finer scale, we sought 
USGS DEMs with 30-m (98 ft) resolution and 
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habitat maps of similar spatial resolution and 
comparatively high information content (c.g., 
species composition, size-class distributions). We 
were largely unsuccessful in this effort and, thus, 
have been unable to address questions on spatial 
aspects of habitat use by owls at this scale. 

At a coarser scale, we acquired two sets of 
habitat data. Both sets were derived from 
AVHRR satellite imagery and have a spatial 
resolution of 1 km’ (0.39 miles’). One set is the 
EROS Land Cover classification (Loveland et al. 
1991), which recognizes 159 cover classes across 
the conterminous United States. The second 
dataset is derived from the EROS set but was 
reclassified by the FS into a smaller number of 
recognized Forest Cover Types (Powell et al. 
1993, Zhu and kvans 1992, Evans and Zhu 
1993). This latter set also includes a companion 
coverage of forest density (percent canopy cover) 
derived by resampling the AVHRR-based data 
with higher-resolution Thematic Mapper (TM) 
imagery at 30-m (98 ft) resolution and correlat- 
ing the percent of cells forested at 30-m (98 ft) 
resolution to a greenness index (NDVI) at 1-km 


resolution (Zhu 1994). The FS has also created a 
preliminary classification of Mexico's forest cover 
types, based on the same AVHRR imagery 
(Evans et al. 1992). No forest density coverage 
exists for Mexico at this time. Examination of 
these coverages revealed that the EROS classifi- 
cation included too much detail and some 
details that were rather suspect from a biogeo- 
graphic standpoint, both of which argued 
against its use. The FS coverages span the entire 
range of the owl within the United States and at 
an appropriate information content (number of 
classes). For these reasons, we have elected to 
base our rangewide analyses on the FS coverages. 
At this scale, we also have 1-km’ (0.39 miles’) 
resolution DEMs as provided by EROS. Because 
we lack comparable data for Mexico, our analy- 
ses are restricted to the United States. 

The lack of data at higher resolution (c.g... 
30-m scale) has important implications in our 
analyses, in that it precludes analysis of those 
features too fine-grained to be resolved in the 
coarse-resolution data we have been forced to 
use. For example, the |-km scale data cannot 
resolve small canyons that are important to owls 
in parts of Utah. Neither do we have data that 
can resolve details about owl microhabitat, nor 
even subtle distinctions among forest cover 
types. As we note below, this lack of data does 
not render our analyses pointless, but it does 
emphasize the need to repeat and corroborate 
these analyses with finer-resolution data. On the 
other hand, our coarse-resolution approach 
allows us to analyze landscape pattern over 
virtually all of the owl's range within the United 
States. 


Landscape Connectedness 


Our approach derives from graph theory and 
percolation theory (Gardner et al. 1992) and 
focuses on the so-called “radius of gyration’ of 
the largest subgraph in a graph representing a 
landscape of habitat patches. In this, a “graph” is 
a set (map) of habitat clusters, and cach “cluster” 
is a collection of grid cells that are defined to be 
functionally connected. In practice, we define 
this connection based on a “minimum joining 
distance” such that cells that are within this 
distance are functionally connected. The radius 
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of gyration ts defined as the mean Euclidean 
distance between cach cell of a habitat duster 
and the centroid of that cluster. Habitat clusters 
are formed by specifying a joining distance and 
then identifying groups of cells that are spatially 
discrete at that distance scale. As onc increases 
this joining distance, the habitat map coalesces 
into increasingly larger clusters as isolated 
patches are subsumed into nearby clusters. A 
convenient means of indexing this process is as 
the radius of the largest cluster in the graph. A 
weighted index for the map can be computed by 
summing the radii of all clusters in the map, 
weighting cach radius by the proportion of the 
entire map it comprises (i.c., its relative size). 
This weighted sum is the map’s “correlation 
length” (or connectedness length) and has as 
units the distance units of the original map. Onc 
interprets correlation length in terms of how far, 
on average, an animal could traverse the map 
without straying off “habitat” cells into 
nonhabitat. 

The ultimate goal here is not to compute 
landscape connectedness in itself, but rather to 
identity those patches (clusters) that contribute 
most significantly to overall habitat connected- 
ness. One means to this end is to estimate the 
reduction in connectedness that would result if a 
patch were removed from the landscape. Here, 
this estimate is computed as the reduction in 
correlation length of the landscape. These 
reductions are estimated by systematically 
removing cach cluster and recomputing the 
connectedness index. The analysis itself proceeds 
in steps as follows: 


1. Define a binary raster map of “habitat” 
versus “nonhabitat.” 


te 


Specify a distance threshold at which 
patches may join. 


3. Perform the cluster-removal experiment, 
saving cach cluster’s effect on the correla- 


tion length. 


4. Normalize this effect for cach cluster by 
dividing its effect by its total area, and 
save this value as well. 








The normalization in step (4) adjusts the 
patch’s effect for its area, which identifies those 
patches whose cftect on connectedness is lange 
relative to their size. The result of the analysis is 
a ranking of habitat patches in terms of the 
reduction in connectedness cach clicits, that is, 
each patch’ contribution to overa connected- 
ness. 
This procedure is then repeated for a range 
of threshold distances to estimate the conse- 
quences of varying assumptions about the 
dispersal capabilities of owls. We used distances 
from 0 vo 100 km (0-62 miles) in 5-km (3.1 
mile) intervals. This range spans our best empiri- 
cal estimate of the owl's dispersal range, which is 
on the order of 50 km (31 miles). If the patch 
ranks change considerably at different joining 
distances, this would suggest a need to improve 
the accuracy of our estimates of owl dispers:! 
distances so that we could tailor the analysis to 
maximize its biological significance. 

Finally, the entire analysis is repeated for a 
variety of baseline habitat maps. This gives us an 
estimate of how robust the results are to assump- 
tions about what constitutes “potential owl 
habitat.” At this spatial scale and with the data 
available, we have limited opportunities to devise 
alternative definitions of “owl habitat.” We have 
devised three alternative habitat maps: 


1. A map wherein all cells assigned as 
“Douglas-fir” (L.c., mixed conifer) or 
ponderosa pine (including some mixed- 
conifer as well as pine-oak) cover types 
are defined to be potential owl habitat; 


A map including all Douglas-fir and 
ponderosa pine cells, plus any pinyon- 
juniper cells that have greater than 50% 
canopy cover as estimated in the FS 
Forest Density coverage: 


tw 


3. A map including all Douglas-fir and 
ponderosa pine types, plus those pinyon- 
juniper cells that are within a 2-km (1.2 
miles) buffer of Douglas-fir or pine 
types, Lc., pinyon-juniper near better 
ow! habitat. 
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These alternative definitions vary in terms of 
how narrowly or gencrously “habstat™ is defined. 
Other definitions could certainly be devised, and 
we do not argue that ours are the only (nor even 
the best) possibilities. We will anguc, however, 
that these are sufficient to indicate whether our 
conclusions are robust to the definition of 
habitat or whether we need to invest more cflort 
in generating more realistic base habitat maps. 


Results of Landscape Analyses 


Results of these analyses provide insight into 
two keys aspects of habitat connectedness: (1) 
the relanonship between minimum joining 
distance and overall connectedness as indexed by 
correlation length; and (2) contributions of 
individual habitat patches to overall connected- 
ness. We present cach of these in turn. Because 
the results were qualitatively similar for cach of 
the baseline habitat maps, we present here only 
the results for the mixed-coniter/ponderosa pine 
base map; but we return to this issue later in our 
discussion. 


Landscape Connectedness and Minimum 
lining Di 


Correlation length exhibits a profoundly 
nonlinear relationship with minimum joining 
distance in all cases we examined (Figure 3.2). 
The inflection in this relationship illustrates that 
the landscape changes from being largely “un- 
connected” to largely “connected” over a narrow 
range of distances. In the habitat maps we 
analyzed, this transition occurred over distances 
of 40-60 km (25-37 miles). This result varied 
only slightly for alternative habitat maps, sug- 
gesting that this qualitative result is rather robust 
to these definitions. 

The relationship between cluster size and 
joining distance varies systematically with the 
spatial resolution with which habitats are de- 
fined. This can be seen most clearly by contrast 
ing the curve for “all clusters” of ponderosa pine 
and Douglas-fir as compared to the curve for the 
largest 254 of these ciusters (Figure 3.2). Inchud- 
ing more (smaller) clusters shifts the curve to the 
lett, effectively joining the landscape at closer 








distances. Presumably, if we were to include wery 
small clusters the landscape might be tuncion- 
ally connected at extremely small joming dis- 
tances, which is something of a scaling aruitact 
This result docs underscore the need to more 
fully characterize the habitat affininics and 
dispersal behavior of owls. If we could lima 
cluster sizes and joining (dispersal) distances to 
biologically reasonable valucs, this analyses 
would be more confidently focused. 

All habitat maps coalesced into a very few 
large clusters at joining distances of approxi- 
mately GO km (37 miles) or more. This indicates 
thai at these distances, the entire landscape is 
essentially commeci.d ‘Feeure 3.3). Vet even at 
joining distances of 100 km (62 miles), a few 


clusters remain spatially discrete, and by implica- 


tion, functionally isolated from the rest of the 
habitat in the landscape. 


Rank Patch Contributions to Connectedness 


The influence of cach patch on overall 
connectedness was tallied for only the largest 
254 clusters in cach map. In fact, the maps 
contained thousands of clusters but many were 
single cells; so it proved to be computationally 
impractical to compute every case. Patch influ- 
ence on correlation length was strongly depen- 
dent on joining distance: the average influence 
was greatest at intermediate distance scales and 


much less at shorter or longer scales (Figure 3.4). 


To highlight influential patches spatially, we 
produced a habitat map in which cach patch is 
color-coded according to its mean rank over all 
distance classes (Figure 3.5a). A similar map 
emphasizes patch importance to connectedness 
at the intermediate distance scale of 45 km (28 
miles) (Figure 3.5b). In both maps, “hot” colors 
indicate highly ranked patches (those contribut- 
ing substantially to landscape connectedness) 
while “cool” colors indicate patches of low rank 
(those with little effect on connectedness). 

In general, patch effects on connectedness 
depended on patch area, in that large patches 
had the greatest influence on overall connected: 
ness. Patch ranks, normalized for area, are 
illustrated as averaged over all distances (fig, 
3.6a) and at 45-km (28-mile) joining distance 
(Figure 3.6b), using the same color scheme as in 
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Figure 3.5. These figures emphasize the impor- 
tance of a few clusters im joining the large habicat 


black along the Mogollon Rim to the lange 
cluster tarther northeast 


DISCUSSION 


Di Relationships in Land 
Connectedness 


The nonlinear relationship im Migure 3.2 
makes intuitive sense if one envisions the process 
that generates this rclanonship. At small poming 
distances, small and nearby patches are joined 
inte somewhat larecr cluster. but the landscape 
still consists mostly of disjount clusters. Ai a 
particular distance, a large subset of the clusters 
joins into a single lange cluster. Once this has 
happened, further small accretions to the cluster 
do not change its total areca appreciably. From a 
functional standpownt, these later additions are 
redundant links to an “already connected” 
cluster. This same process explains why the 
graph of average influence of patch removal 
(Figure 3.4) shows a peak at these intermediate 
distance classes; for shorter or longer distances 
these patches can have little impact on overall 
connectedness. 

An important result of this analysis is that 
the strongly nonlinear domain of this relation- 
ship (i.c., the inflection point in Figure 3.2) 
coincides with our best current estimate of the 
dispersal capabilities of spotted owls based on 
field studies, approximately 50 km (41 miles). 
By implication, if owls dispersal ranges were 
much less than this estimate (say, 20 km [12 
miles|) then much of their natural range would 
be functionally unconnected (most patches 
would be isolated). Reciprocally, if owls could 
disperse much farther than our current estimate 
(say, 100 ken [62 miles!), then most of the 
landscape would be functionally connected. 
Likewise, the change in this relationship with the 
inclusion of more, smaller patches suggests that 
owls use of very small patches as dispersal 
conduits of stepping stones could influence these 
results. If owls can use very small patches, then 
the landscone might be more connected than our 
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results suggest, presuming, of course, that such 
small patches exist. 

The radio-telemetry data suggest that juve- 
nile owls have the dispersal capability to provide 
population and genetic links between subpopu- 
lations. To date, none of the radio-marked 
juveniles has been recrurted into a ressdent, 
territorial subpopulation. In attempting to judge 
whether owl dispersal is suff tent to maintain 
population and genetic connectedness, we are 
ta od with the logistical problem that ccolog;- 
caliv significant dispersal events might occur 
quite infrequently (1-2 per generation) and 
would likely go unrecorded by even the most 
intensive Monitoring program. Thus, our data 
can suggest that such dispersal capabilities might 
exist, but «vese data cannot prove that such 
dispersal accually occurs. Importantly, neither 
can our lack of data prove that such dispersal 
does not occur. 

Clearly these results point to a need for 
better understanding of th. dispersal behavior 
and distance relationships tor spotted owls. One 
source of uncertainty in our analyses is that the 
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clustering is based on boolean distance decisions 
(i.c., patches are connected if their distance is 
strictly within the joining distance). But animal 
dispersal is probabilistic, exhibiting some sort of 
decreasing probability with increasing distance 
(recall Figure 3.1). This distinction exaggerates 
our results relative co how dispersal probably 
occurs with real animals. 

A second source of uncertainty stems from 
our limited understanding of owl dispersal 
behavior. Our analyses are based on assumptions 
about “reachability” with the tacit assumption 
being that if habitat is reachable in terms of 
absolute distance. then owls can and will disperse 
there. But there are many plausible reasons why 
this might not be so (e.g.. avoidance behavior, 
excessive mortality during dispersal); so it 
remains that we need to temper our imterpreta- 
tions with additional considerations ot owl 


dispersal. 
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Figure 3.4. Change in correlation length duc to cluster removal as a function of distance, averaged 
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overall landscape connectedness make imtuitive 
sense when viewed as landscape mosaics (Figures 
3.5 and 3.6). The ranks uncorrected for area 
show the expected result that large clusters that 
are centrally located have the highest ranks, 
while small of isolated clusters are lower-ranked. 
Area-normalized ranks emphasize the positional 
aspects of patch contributions and Figure 3.6 
ithustrates a few patches (in red) that seem to act 
as bridges spanning larger habitat areas. Some of 
these bridges are rather small yet could be 
important links in landscape connectedness. 

An important caveat to bear in mind is that 
these analyses are all based on habitat, not on 
owl densities. Thus, sparsely populated habitat 
clusters in the northern reaches of the owl's 
range receive equal weight in the analysis as 
compared to habitats currently supporting much 


larger ow! populations, for example, along the 
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essentially no owls. If habitat clusters were 
weighted according to present-day owl abun- 
dance, these same analyses would provide quite 
different results. Densely populated patches 
would increase in importance while more 
sparsely populated patches would be down- 
weighted. While this is rather casy to anticipate 
in general, such a weighted analysis would 
require much better spatial information on owl 
abundance across its range than the inconsistent 
coverage currently available. 

These considerations bear strongly on the 
ultimate goal of a conservation plan. If our goal 
is to provide a template that might sustain owl 
metapopulations well into the future, then an 
analysts weighted on “potential habitat” seems 
most appropriate. Conversely, a strategy to 
preserve current populations would seem to 
argue for an analysis heavily weighted on 
present-day owl abundance. Our results suggest 








Figure 3.5. Maps with Clusters colored to Hlustrate thei rank importance weighted bw (uncorrected 
tor) patch arca. Hot colors (reds) are highly ranked: cool colors (bluc-vioict), low ranked. Base habitat 
map is ponderosa pinc/ Douglas fir. (a) Patch importance averaged of all distance classes. (b) Import 
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that these two strategies might lead to quite 
different recommendations. 

Importantly, our rankings of patch impor- 
tance to overall connectedness are based on a 
simple patch-removal algorithm in which cach 
patch is removed singly from the cxisting land- 
scape. Clearly, these results could be quite 
different if the algorithm provided for more 
complex scenarios as conditional removals. For 
example, if patch 7 has already been removed, 
then the removal of patch ; might take on much 
greater ‘mportance. Such conditional scenarios 
would be more realistic in the sense that land- 
scape dynamics driven by land-use management 
are time-structured (sequential), conditional, and 
typically act on multiple patches during any 
single management episode. Such complicated 
scenarios might be undertaken on a smaller scale 
(e.g., for a National Forest) if sufficient data were 
available for the anaiysis. Complicated, condi- 
tional scenarios are probably not feasible for 
rangewide analyses. 


Sensitivity to Habitat Definition 


Two empirical biases emerge in considering 
alternative definitions of what constitutes “po- 
tential owl habitat” in these analyses. One bias is 
due to the spatial scale at which habitat patches 
are resolved. As smaller patches are included, 
overall landscape connectedness tends to increase 
so long as these small patches are liberally 
sprinkled across the landscape. Similarly, for 
habitat definitions that are increasingly “gener- 
ous” toward owls, more potential owl habitat 
occurs in the landscape and so connectedness 
also tends to increase (consider a map that 
includes some pinyon-juniper relative to the 
mixed-conifer/pine landscape). These biases 
appear in our analyses as a result of data avail- 
ability. If higher-resolution data were available, 
more patches could possibly be delincated. At 
the same time, however, given higher-resolution 
data we could define owl habitat more strin- 
gently and thus some patches would be rede- 
fined as no longer usable by owls; owl habitat 
would decrease in abundance and overall con- 
nectedness would decrease accordingly. Thus, the 
two empirical biases are somewhat compensat- 
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ing. But both biases point to a need to improve 
our ability to discriminate usable owl habitat 


from the surrounding matrix. 


Other Uncertainties and 
Considerations 


A final consideration of our results must 
address any uncertainties or biases that might 
result from the algorithm itself. One potential 
bias that emerges can be seen in the figures 
illustrating patch importance to connectedness. 
Because our approach indexes connectedness as 
the mean size of the largest cluster, a bias 
emerges whereby patches that are peripheral in 
the landscape can form clusters with a very large 
radius. Thus, the important patches in Figure 
3.5 tend to form a ring around the landscape as a 
whole, partly because these patches are large but 
also because their joining creates a cluster that 
has a radius nearly as large as the entire mosaic. 
This bias would not occur if the index of con- 
nectedness counted total area in a way that did 
not emphasize among-cell distances. For ex- 
ample, an index that estimated “total connected 
area’ rather than the effective size of this area 
might yield a slightly different estimate of patch 
importance. Unfortunately, such indices have 
proven to be computationally unfeasible thus far. 
We continue to explore alternative algorithms 
for indexing habitat connectedness. 


CONCLUSIONS 


Application of metapopulation theory to the 
Mexican spotted owl is rather speculative, given 
our limited understanding of within-population 
dynamics much less between-population dynam- 
ics. If metapopulation models actually represent 
realistic abstractions of real-world processes, then 
a number of different metapopulation models 
may apply to different geographic regions within 
the range of the Mexican spotted owl. For 
example, one could envision a core-satellite 
model applying to the southern portion of the 
Mexican spotted owl range with the Upper Gila 
RU acting as a core source population with the 
smaller surrounding mountain ranges in Basin 








and Range - West and Colorado Plateau RUs 
acting as satellite sinks. On the other hand, the 
Sky Island mountain ranges in southern Arizona 
could also follow the classic metapopulation 
dynamics proposed by Levins (1969). A number 
of different scenarios could be envisioned, 
which, unfortunately, we cannot corroborate 
casily empirically. The distribution of geographi- 
cally isolated subpopulations, however, suggests 
that some form of interaction between these 
subpopulations is plausible. Clearly, intensive, 
long-term studies over large areas will be re- 
quired to understand the structure and dynamics 
of Mexican spotted owl population at these large 
scales. 

Although the landscape analyses are explor- 
atory, some general conclusions can still be 
drawn from the results. These conclusions 
concern apparent connectedness of various 
regions of the owl's range and the relative impor- 
tance to particular habitat clusters to overall 
landscape connectedness. 

Regardless of the underlying habitat map 
used in analyses, results consistently show a few 
regions that appear functionally isolated at 
intermediate joining distances similar to the 
dispersal range of owls. For example, large blocks 
of southern Utah persist as discrete habitat 
clusters at joining distances of 40 km (25 miles); 
the Lincoln National Forest also appears isolated 
at this spatial scale. We might test the hypothesis 
that these subpopulations are discrete, possibly 
by exploring genetic similarities between these 
and more central (connected) populations such 
as those along the Mogollon Rim. Likewise, 
basic population analyses of these populations 
might also indicate their degree of functional 
connectedness. For example, spatial 
discontinuities in population density, age struc- 
ture, or other parameters might suggest that 
these populations do not interact to the same 
extent as other, more contiguous populations. 

The relative importance of individual habitat 
patches, when uncorrected for patch area, 
suggests the intuitive approach of protecting 
those patches that currently support the highest 
owl densities, such as along the Mogollon Rim. 
But our results also indicate a high importance 
tor patches farther north in the owl's range, 
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patches which currently do not support appre- 
ciable owl populations. Our reaction to this 
result depends in part on whether our goal ts to 
preserve present-day populations or to protect 
the capability for populations to expand in the 
future. The discrepancy between these two 
strategics is most pronounced in the northern 
reaches of the owl's current range. 

Correcting cluster importance for area 
indicates the contribution, per unit area, of cach 
of the habitat clusters. This correction suggests 
that while the cluster along the Mogollon Rim is 
crucial to overall connectedness, the many stands 
making up this cluster are not so important on 
an individual basis. Thus, this cluster would 
likely continue to play an important role in the 
landscape so long as its internal continuity is 
maintained, which would require reiterating our 
analyses on a finer spatial scale and resolution as 
management of this region proceeds. Conversely, 
a few clusters emerge as being more important 
per unit area than their uncorrected importance 
would suggest, such as the stepping-stones 
evident in Figure 3.6 as red patches. Such 
patches warrant special attention in land use 
planning because of their potential to affect 
regional populations despite their small size and 
perhaps modest owl populations. Especially, 
these patches should be a focus of monitoring 
ettorts so that their use by owls can be assessed. 
Note that these patches typically would not be 
targeted in field studies for the simple reason 
that they would not appear to support large owl 
populations. 

Finally, we should emphasize that these 
results are exploratory and therefore subject to 
corroboration. One form of verification could 
come via analyses of owl subpopulations across 
the region. Metapopulation theory suggests that 
isolated habitats should show higher year-to-year 
variability in population density than would 
better-connected patches, which would be better 
subsidized by dispersal. A second form of cor- 
roboration would entail analyses similar to ours 
but using alternative indices of connectedness 
and alternative definitions of suitable ow! habi- 
tat. Especially, we would like to see these analyses 
repeated with higher-resolution habitat data 
capable of resolving the those features most 


important to owls. In any case, it is clear that we 


need to in ‘est much more effort toward defining 
the dispersal capabilitics and behavior of the 
spotted owl across its range. 

In closing, we would like vo revisit the 
rationale that underlics our somewhat theoreti- 
cal, habitat-based approach. While i might be 
appealing to invoke analyses that rely on owl 
population data, we were forced to accept at the 
beginning that we lacked adequate data for such 
an analysis across the owl's range. Similarly, 
detailed population models such as those devel- 
oped tor the northern owl are appealing because 
of their biological nchness; but we clearly lack 
the data to parameterize such a model for the 
Mexican spotted owl, We see both these populla- 
tion-based approaches as a useful adjunct to our 
approach, but one that we cannot support 


empirically with data currently available. Instead, 


we developed an approach that makes very few 
assumptions about owl biology, and we tested 
our results to determine whether violation of 
these assumptions would change our results 
substantially. Our approach was to use as gener- 
ous a definition of owl habicat as possible given 
our data; our major conclusions seem largely 
unaftected by alternative detinitions of habitat, 
although this needs to be verified with finer- 
resolation data. The other umportant assumption 
we made was that owls have a dispersal-distance 
relationship such that dispersal probability 
decreases with increasing distance, and that their 
average dispersal is in the neighborhood of 50 
km or so (i.c., not << 10 km, and not >> 100 
km). Within this domain, our results are also 
robust. Thus, while there remain a number of 
questions still to be resolved concerning land- 
scape-scale patterns and owl metapopulations, 
the results we present here are a useful and valid 
first approximation. 
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CHAPTER 4: Habitat Relationships of the 
Mexican Spotted Owl: Current Knowledge 


Joseph L. Ganey and James L. Dick, jr. 


The Mexican spotted owl was listed as 
threatened primarily duc to concerns over loss of 
habitat (USDI 1993). Consequently, under- 
standing the habitat relationships of the Mexican 
spotted owl is critical to developing sound 
management plans for this species. Here, we 


summarize both recent and historical informa- 
tion on habitat relationships of Mexican spotted 
owls. Because most historical information on the 
owl's habitat contaias little quantitative informa- 
tion, we rely mainly on recent information 
(1985 - present time). 

Our primary objectives in this treatment are 
to: (1) evaluate and describe patterns of habitat 
use by Mexican spotted owls; (2) evaluate and 
describe patterns of habitat selection by Mexican 
spotted owls; (3) identify specific habitats or 
habitat components that appear to be particu- 
larly important to the owl; and (4) identify areas 
where further information on habitat relation- 
ships of this owl are most needed. We use the 
terms habitat, habitat use, and habitat selection 
as defined by Block and Brennan (1993). Thus, 
habitat as used here refers to “the subset of 
physical environmental factors that a species 
requires for its survival and reproduction” (Block 
and Brennan 1993.36). Habitat use refers to “the 
manner in which a species uses a collection of 
environmental components to meet life requi- 
sites’, and habitat selection refers to “dispropor- 
tional use of environmental conditions’ (Block 
and Brennan 199338). 

Patterns of habitat use evaluated here are 
largely descriptive. We evaluated pacterns of 
habitat selection by comparing use of vegetation 
types or specific habitat components to the 
occurrence of those types or components. 
Ecological patterns and processes vary with 
spatial scale (Urban et al. 1987, O'Neill et al. 
1988, Turner 1989), however, and considering 
patterns of resource use at only one scale can 
yield misleading results (Porter and Church 
1987, Orians and Wittenberger 1991, Block and 
Brennan 1993). Therefore, we used a number of 
data sources, both published and unpublished, 
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to examine habitat use and/or sclection at five 
spatial scales. At some scales we could evaluate 
habitat selection, whereas at others we could 
only describe patterns of habitat use. Scales 
examined are described below, arrayed from 
coarsest to finest scale: 


1. Landscape scale - habitat use across the 
entire range of the Mexican spotted owl. 


tw 


Home-range scale - patterns of habitat 
use within owl home ranges as defined 
by locations of radio-tagged owls. 


3. Stand scale - use of relatively homoge- 
neous units of forest vegetation within 
owl home ranges. 


4. Site scale - habitat use proximate to nest, 
roost, and foraging sites. 


5. Tree scale - use of individual roost and 
nest trees. 


In some cases, we reanalyzed existing data 
sets to provide more detailed information or to 
explore different questions than those asked by 
original investigators. Methods varied among 
studies, and will be discussed in conjunction 
with the specific data examined. Some of the 
data used were from ongoing studies, and some 
of the analyses are preliminary. Therefore, while 
the information presented here represents the 
current state of knowledge on habitat relation- 
ships of Mexican spotted owls, we caution that 
additional trends may emerge with further data 
collection and analysis. 








PATTERNS OF HABITAT USE AT 
THE LANDSCAPE SCALE 


Literature Review 


Available historical information on habitat 
use by Mexican spotted owls in Arizona and 
New Mexico was reviewed in Johnson and 
Johnson (1985), Gancy (1988), Ganey ct al. 
(1988), and Skaggs (1988), and summarized 
across the range of the owl in McDonald ct al. 
(1991). Most reports of Mexican spotted owls in 
both popular and technical literature are anec- 
dotal and contain little detailed information. 
These reports were typically results of faunal 
surveys that reported arcas where they found 
species. As such, they were neither systematic 
nor complete samples, and are thus biased 
towards the few places where spotted owls were 
located. While these reports provide some 
information on areas where owls were located, 
they should not be viewed as the ultimate word 
on habitats used by spotted owls. 

With these cautions in mind, the general 
picture that emerges is that owls occurred in 
habitats ranging from low clevation riparian 
forests (Bendire 1892, Phillips et al. 1964, and 
possibly Woodhouse 1853:63) to high clevation 
coniferous forests, but were most common in 
high elevation coniferous and mixed conifcrous- 
broadleaved forests, often in canyons. In perhaps 
the most detailed historical account of the 
Mexican spotted owl, Ligon (1926:422) de- 
scribed its typical haunts as “deep, narrow, 
timbered canyons where there are always cool 
shady places.” 

Several recent studies describe habitats used 
by Mexican spotted owls. For example, Kertell 
(1977), Rinkevich (1991), and Willey (1992) 
reported on habitats occupied by Mexican 
spotted owls in southern Utah (Colorado Plateau 
RU). All reported that owls were typically found 
in narrow, steep-walled canyons, and all sug- 
gested that distribution was restricted by the 
availability of such canyons. Reynolds (1993) 
also reported finding owls only in “steep-walled, 
deeply-cut canyons characterized or dominated 
by exposed rocky slopes and tiers of rock cliffs” 
in Colorado (Colorado Plateau and Southern 
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Rocky Mountains-Colorado Recovery Units; sce 
USDI 1995 for discussion of specific Recovery 
Units [RUs] within the range of the Mexican 
spotted owl). 

Gancy and Balda (1989a) recorded cover 
type at 55 roost sites in northern Arizona, of 
which 53 were located in the Upper Gila Moun- 
tains RU. Of these, 92.4% were located in 
mixed-conifer forest. The remaining 7.6% were 
classified as ponderosa pinc, but more likely were 
in ponderosa pine-Gambel oak forest. Most were 
located in steep canyons or on montane slopes. 
Also in this RU, Seamans and Gutiérrez (in 
press) recorded cover type at 79 roost and 28 
nest sites in the Tularosa Mountains, New 
Mexico. These owls roosted and nested primarily 
in mixed-conifer forests containing an oak 
component, usually on the lower third of north- 
facing slopes (Scamans and Gutiérrez in press: 
fig. 1). 

In the Basin and Range-West RU, Ganey 
and Balda (1989a) recorded cover type at 64 
roost sites. Most were in mixed-conifer (48.4%) 
or Madrean pine-oak (29.7%) forest, with 
14.1% in encinal (evergreen oak), and 7.8% in 
ponderosa pine forest. At 19 roost and/or nest 
sites observed by Duncan and Taiz (1992) in this 
RU, 31.6% were in mixed-conifer forest, 31.6% 
in Madrean pine-oak forest, 26.3% in Arizona 
cypress forest, and 10.5% in encinal. In both 
studies, most owls were observed in montane 
canyons. 

Skaggs and Raitt (1988) surveyed 42,105 ha 
(104,000 acres) in the Basin and Range-East 
RU. Survey areas were divided into 18 plots of 
23.3-km’ (9-mi°) prior to survey, with all plots 
classified by the dominant forest type within the 
plot (6 cach in mixed-conifer, ponderosa pine, or 
pinyon-juniper). They found 33 occupied sites; 
72.7% in mixed-coniter, 18.2% in ponderosa 
pine, and 9.1% in pinyon-juniper. Even in plots 
classified as ponderosa pine or pinyon-juniper, 
the owls typically roosted in pockets of mixed- 
conifer forest (Roger Skaggs, New Mexico State 
Univ., Las Cruces, NM, pers. comm.). Kroel 
(1991:39) also noted that owls in this RU 
roosted primarily (79% of observed roosts) in 
mixed-coniter forest, with limited use of ponde- 
rosa pine forest and pinyon-juniper woodland 
(14 and 4% of all roosts, respectively). 








Little recent information cxists regarding 
habitat use by spotted owls in Mexico. However, 
Tarango ct al. (1994) reported finding Mexican 
spotted owls in isolated patches of pine-oak 
forest in steep canyons in the Sicrra Madre 
Occidenual-Norte. 

With regard to all of the above studics, it is 
important to note that definitions of cover types 
may have varied slightly among observers, and 
we cannot be certain that cover types are com- 
pletely consistent with definitions used in this 
Plan. 


Recovery Team Analysis of Recent 
Inventory Data 


Recent inventories by land management 
agencies, particularly the U. S. Forest Service 
(FS), have generated considerable information 
on owl locations and habitats used. We used this 
information to evaluate use of vegetation (or 
cover) types across the range of the subspecies. 
Crews visited FS District and Supervisors offices, 
collated inventory and monitoring data from 
1990 (when survey efforts were standardized 
throughout the Region) to 1993 (when these 
data were collated), and entered the information 
gathered into a data base. These same crews also 
collated records from the NPS, BLM, Tribal 
lands, State wildlife agencies, Fort Huachuca 
Military Reservation, and independent research- 
ets in both the United States and Mexico for the 
same time period. Thus, we attempted to gather 
all existing information on current distribution 
and habitat use of the Mexican spotted owl 
across its range. 

Vegetation type at nest of roost sites was 
entered directly from field data forms, with types 
gencrally corresponding to Series level designa- 
tions described in Brown ect al. (1980). We could 
not assess the accuracy or consistency of habitat 
classification across the range of the owl. All 
locations for which vegetation type information 
was missing or ambiguous were omitted from 
analysis. 

We used only visual observations (such as 
birds at roost and nest sites) to assess habitat use 
because habitat cannot be determined for distant 
owls heard at night. Most roost or nest locations 


ANS 


Vethurme Th hapeer 4 


Meaaan Yeticd (bel Revewer Plan 


entered in this database could not be assigned to 
a particular “management territory.” As a result, 
we are uncertain how many unique pairs of owls 
were represented, or how many roost or nest 
sites might represent a single pair. This poten- 
tially serious lack of independence in the data 
rendered statistical comparisons among RUs or 
berween roost and nest sites meaningless. There- 
tore, we simply present summarics of vegetation 
types used for roosting and nesting by Recovery 
Unit. We could not compare habitat use with 
habitat occurrence at this scale, because of the 
problems discussed above regarding lack of 
independence, because no geographical inforr:.. 
tion system (GIS) coverage was available docu- 
menting areas surveyed, and because we were 
unable to obtain a rangewide vegetation type 
coverage. The closest we could come to a 
rangewide vegetation type coverage covered only 
the U. S. portion of the range of the Mexican 
spotted owl, and had a minimum resolution of | 
km’ (Keitt et al. 1995). This scale is not appro- 
priate for evaluating roost and nest sites, which 
require a much finer scale of resolution. 

Mexican spotted owls used a variety of 
vegetation types across their range (Table 4.1). 
Although the range of vegetation types used 
varied among RUs, mixed-conifer forest was 
heavily used in most RUs. In contrast, encinal 
was used only in the Basin and Range-West, and 
pine-oak forest was used primarily in the Basin 
and Range-West and Sierra Madre Occidental- 
Norte. The pine-oak forest found in these RUs is 
Madrean in affinity and differs in both species 
composition and habitat structure from the 
ponderosa pine-Gambel oak forest found in 
other RUs (Brown et al. 1980, Ganey et al. 
1992). Ponderosa pine forest was used rarely, and 
pinyon-juniper woodland was used primarily by 
owls in the Colorado Plateau. Riparian forest 
was used in several RUs, but at relatively low 
levels. 

We could not statistically compare RUs 
because of the problems discussed above. Based 
on discussions with researchers and managers 
familiar with local situations, however, we 
believe that the observed differences in patterns 
of habitat use among RUs are both real and 
ecologically important. 





Table 4.1. Percent of nest (top row) and roost (bottom row) sites in various vegetation types in different Recovery Units. Based on analysis of inventory 


and monitoring data collected since 1990. Vegetation types follow Series in Brown ct al. (1980). 











Vegetation Type 
Evergreen Mixed- _Pinyon- 

Recovery Unit N oak conifer juniper Pine-oak’ Pine’ Riparian’ Other" 
Colorado Plateau 75.0 25.0 

22 77.3 18.2 4.5 
S. Rocky Mountains- 9 88.9 11.1 
New Mexico 70 98.6 14 
Upper Gila 185 B86 3.2 16 0.5 $9 
Mountains 653 86.7 $.2 1.5 0.5 6.1 
Basin and "4 68.9 8.4 27 
Range- West 165 $5 49.1 0.6 55.8 1.2 48 3.0 
Basin and 70 100.0 
Range-East 328 92.1 03 0.3 24 49 
Sierra Madre 100.0 
Occidental - Norte 17 $.9 29.4 35.3 23.5 $.9 





Imchuces stes that maght better be claswfed as oak-pene om the Basen and Range-West Recowery Unit and Sierra Madre Occadental - Norte 
Ponderosa pone except mn Seertra Madre Occidental - Norte, where a varety of other pene types are represented 

‘Includes all broadbeaved deciduous riparian forest type 

‘Comtamns spruce-fir, Arizona cypress, and unknown other vegetation types 
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PATTERNS OF HABITAT USE AT 
THE HOME-RANGE SCALE 


Several studies have cxamined home-range 
sure and/or habrat usc within home ranges of 
radio-tageed Mexican spotted owh. Menemum 
conves polygon (MCT: Mohr 1947) and 95% 
adaptive kernel (AK; Worton 1989, where 
prvsstbyle ) curmates of home-range ure trom thow 
studies are presented om Lable 4.2. Estemates are 
presented separately for cach study arca. Home- 
range size appeared to vary conuderably among 
study arcas, even within a restricted goographix 
area (Table 4.2). hor example, Zwank ot al 
(1994) found that home-range size ditterod 
significantly between two dramages on the 
Sacramento Mountains, New Mexico. Ranges 
were smaller wn the Rio Penawo watershed (nm « 5 
owls), where mived-conster torest comprised G5. 
8G" of home ranges, than on the Sixteen \prings 
watershed (n « 4 owls), where mived-conser 
forest comprised only 6-42% of home ranges. 
with most of the remainder consisting of ponde 
rosa pine forest and prnven-juniper woodland 
(Zwank et al. 1994: table 1). Sumilarly, Ganes 
and Balda (1989b) observed large difterences mn 
home-range size among owls on the San Fran. 
cisco Peaks and in Walnut Canvon. Although 
these areas are separated by only approxwmatels 
16 km (10 oni), habitat composition differs 
between the two areas (Ganev and Balda 1994: 
table 3). These results suggest that home-range 
sive of Mexican spotted owls may vary among 
COVET Types. However. small numbers of owls 
tracked on all studies, as well as differences im 
sampling intervals and seasons covered bmit our 
ability to make comparisons among study areas 
Consequently, we caution that these numbers 
represent general estimates of arcas used by 
spotted owls, and as such do not support swoep 
ing generalizations about differences between 
areas and/or cover types 


Size of Activity Centers 


(swteerrey et al, (1992) suggested that the 
wmnatlest area cnoompasing 50% of mactunnal 
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toraging lacanons (the 30". adapime kernel) 
could detinc a foraging actnty comect. Rocaux 
of the great vanabday om available cxmmates of 
home-range src for Moacan spotted owls, we 
took a more comervative approach and defined a 
macturmmal actwey contcr hased om the arca 
cnclosed bs the adaptive horned Certo cron - 
pPaswng “S% of for ageng lacatsomes. Theos actrvers 
comtct was defined only tot tormmones where 
both paw member were radso-tagged. In gen- 
etal, owl appeared to forage promarily within a 
tclatwely small pornen of the hore range. 
MEM bg hogh concemtranen of actrvety ( Lable 
4.4). Thes partcm appoared to bebe regatdlew oft 
RU or study arca (but we ahowe Cautions regard. 
mg Comparsons among studics) 


Habitat Composition and Use 


Three studies quantified habitat compowtion 
within MCT home ranges of radio-tagged owls 
(Willey 1993, Caney and Balda 1994, Zwank a 
al. 1994). Home ranges were most variable in 
terms of vegetation types in the Colorado 
Plateau RU. encompasing types ranging from 
maixed-coniter torest to mouwntarn shrub and 
grassland (Willey 1994: table 4). Home ranges 
were dominated by mixed-conrter and ponderosa 
pine forests on the Upper Gala Mountains RU 
((,anev and Ralda 1994), and bw miwed-coniter 
forest, ponderosa pine forest, and prrven-jpuniper 
woodland in the Rawn and Range-bast RU 
(Zwark et al. 1994). 

Ganev and Balda (1994) compared use of 
vegetation types by foraging. radio-tagged owls 
to the area of those types within the MCT’ home 
range (a measure of relatiwe availability), using 
chi-square tests and Bonterrom: confidence 
mtervals (New et al. 1974, Boers et al. 1984) 
This comparison invelwed exght owls represent 
ing five pairs on three study areas 

Observed patterns of habitat use by foraging 
cnwls were compen In relatron te area of ditter 
emt forest types withen then hore ranges, all 
individual owls used forest types nonrandom 
All forest ivpes were uscd by for agrerng owls. In 
general, individual owls toraged segmificanths 
more than of as expected in unlogged forests and 
significantly lew than or as expected in sche 





Table 4.2. Home-range sizes (ha) of radio-marked Mexican spotted owls. Pan A shows ranges of pairs with both members radio-tagged: part B shows 
ranges tor indradual owls. Study arcas represent mesic mixed-conifcr forest on the San Francis: Peaks (SFP), White Mountains (WM), and Sacramento 
Mountains (SM-MC); a mixture of mined-conifcr, ponderosa pinc, and xeric pinyon-juniper in the Sacramento Mountains (SM-XE); a rocky canvon 
(Waleut Canyon, WC); ponderosa pince-Gambel oak forest ncar Bar-M Canyon (BMC): rugecd canyons with mixed forests im th: San Matco Mountains 
(SANMAT): a mexture of mesic mixed-coniter forest and pinyon-juniper in rocky canyons along Elk Ridge (MANTI) and in Zior. National Park (ZION): 
and xen pinyon-juniper in rocky canyons in Capitol Recf and Canyonlands National Parks (CNP). Shown are the means (+ SID) for 100% minimum 
convex polygon (MCP) and 959% adaptive kernel (99% AK) estimates. 











Pair Home Ranges 
Recovery Unit Number of Number of Months 
Study Area MCP 95% AK Pairs Locanons Tracked 
Upper Gila Mountains 
SFP’ 08! 70 892 + BW 2 oo «+ 138 lle 4 
: wc 381 283 ! 439 14 
BMC’ >) ee | 997 + 493 7 ol -« 1897 Oe 11 
Basin and Range-East 
SM-MC’ 9G «+ 172 2 324 2 O71 9+ 1 
SM-MC’ S73) 8 25 281 + 1% 2 48 « 110 l2* 0 
SM-XE’ 1401 « 86322 2 3 «+ S 7+ © 
SM-XE’ 64 + 8 77 2 2 $98 062 «61% l2+ 0 














Table 4.2. (continued) 














Individual Home Ranges 
Recovery Unit Number of Number of Months 
Study Area MCP 95% AK Owls Locations Tracked 
Colorad. Plateau 
ZION" 924 + 192 878 «+ 220 4 iso) 48 ll ¢ 2 
CNP" 1487 «+ S68 16s” « 665 2 175 ¢ 3 i4 + 0 
MANTT 1080 +) RY 1006 et) 144 5 ee a be 12 « 2 
Upper Gila Mountains 
SFP 8. t 194 BRS - 209 4 205 t 58 B+ 5 
WM’ S868 176 530 + 162 2 174 ¢ 4 12 ¢ 0 
WC 327 ‘ 60 262 t R() 2 220 ¢ 26 12 + 0 
BMC’ 1053) te) 902 841 + 407 13 201 +) 8B! 62 10 
SANMAT’ 261 t 167 4 <®? 
Basin and Range - East 
SM-MC’ 586 340 5 sO 38 8 + 2 
SM-MC’ 452 +4 137 54 + 105 5 275 + #14 l2*¢ 0 
SM-XE° 937 + 39) 4 lw -:« 29 $+ ? 
SM-XE° 91 + 469 661 + 484 6 339 + = 64) l2e | 
Recaloulated trom Ganey (1988 
Ganev and Block, unpublished data 
Recaloulated trom Kroel (1991 
'D.W. Willey. unpublished data 


Peter Stack niv of Nevada Reno pers cewernern 
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Table 4.3. Swe (mean + standard deviation) of nocturnal activity centers of radio-tagged pairs of Mexcan spotted owls in the Upper Gila Mountains and 
Basin and Range-Eas: Recovery units. Activity centers defined as the area included in the adaptive kernel contour enclosing 75% of owl foraging locations. 

















Upper Gila Mountains Basin and Range-East 
San 
Francisco Walnut Bar-M Sacramento Sacramento 
Peaks’ Canyon’ Canyon’ Mountains-mesic’ Mountains- xeric’ 
n 2 | 7 2 2 
No. of locations 3992 + 132 351 226 + 94 180 + 29 165 + 6] 
75% contour (ha) 353 + 139 116 353 «+ 182 70 ¢ 9 1742+ 33 





Recalkoulated trom data m Caney (1988 
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tively logged torest types (Table 4.4). Thas 
COMPpPa;§nson ts overly simplistic, however Both 
logged and unlogged forests contained a wide 
range of stand structures. Some logged stands 
were used tor foraging, and some unlogged 
stands were not used. In addition, rwo of the 
unlogged forest types (virgin mixed-conifer 
torest on rocky slopes and ponderosa pine-oak- 
juniper forest) were found primarily on rocky 
slopes interspersed with significant rock outcrops 
and clifts, and owls appeared to forage in these 
rocky areas as well as in the forest (Ganey and 
Balda (1994:165). Thus, these findings do not 
indicate that all unlogged stands provide suitable 
foraging conditions and that all logged stands do 
not. Rather, they suggest that patterns of habitat 
use by foraging owls are complex and not ame- 
nable to simplistic explanations. At this time, we 
cannot explain why some logged forests are used 
and others are not 

Differences in patterns of habitat use among 
and within study areas also suggest that patterns 


of habitat use for foraging are complex. Use of 


particular forest types sometimes varied consider- 


ably among individual owls within a study area 
(Table 4.4), and even between members of a 
mated pair (Ganey and Balda 1994: table 3). In 
short, there is considerable variability in patterns 
of habitat use for foraging. As a result, it is 
difficult to generalize about patterns of habitat 
selection by foraging owls based on currently- 
available data 

In contrast to the variable patterns observed 
among foraging owls, patterns of habitat use by 
roosting owls were relatively consistent among 
study areas and individual owls. Habitat use for 
roosting was not compared statistically to habitat 
occurrence because of small sample sizes for 
some individual owls. All owls roosted primarily 
in unlogged mixed-coniter forests, but some 
used unlogged ponderosa pine forest as well 
(Ganey and Balda 1994; table 3). Very little 
roosting occurred in logged stands, particularly 


during the breeding season 


\ ebeerme 11/4 apres : 
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Seasonal Movements 


Mest Mexican spotted owls appear to remain 
in the same general area throughout the year, 
whereas others migrate in winter, usually to 
lower clevations. Year-round residents often use 
larger ranges during the nonbreeding scason 
than during the breeding season (Krocl 1991, 
Willey 1993, Ganey and Block unpublished 
data), and there appear to be shifts in use of area 
and habitat for some owls (Ganey and Balda 
1989b, Krocl 1991, Willey 1993, Ganey and 
Block unpublished data). No quantitative results 
are yet available that describe wintering habitats 
used by owls remaining in the same area 
throughout the year. 

Most samples ot Mexican spotted owls 
studied using radiotelemetry appear to have 
some individuals who are cither migratory or 
nomadic in winter, but this generally represents a 
minority of the population. For example, Willey 
(1993:15) reported that rwo of 11 (18.2%) 
radio-tagged owls on the Colorado Plateau RU 
migrated during winter. Both apparently left the 
breeding area during October and returned 
during February. One moved up in elevation to 
winter in coniferous forest, whereas the other 
wintered in mountain shrub habitat. Both owls 
moved 20-25 km between breeding season 
ranges and winter ranges. 

In the Upper Gila Mountains RU, two of 
eight owls (25%) in one study (Ganey and Balda 
1989b) and 2 of 13 (15.4%) in another (Ganey 
and Block unpublished data) migrated during 
the winter. All left the breeding-season range 
between November and January, and returned in 
March or April. Wintering areas of two owls 
were never located. The remaining two owls 
migrated approximately 50 km, from ponderosa 
pine-Gambel oak forest at approximately 2290 
m (7500 ft) in elevation to pinyon-juniper 
woodland at approximately 1370 m (4490 ft) in 
clevation (Ganey et al. 1992, Ganey and Block 
unpublished data). The wintering area was 
located in the Basin and Range-West RU, 
providing evidence that some individuals may 
move seasonally berween RUs 





Ol 


Table 4.4. Use of forest types for foragin 2 by radio-tagged Mexican spotted owls on three study areas in northern Arizona. Data summarized from 
Ganey and Balda (1994) 




















[able 4.4 
Study Areas 

Walnut Canyon (n=2) San Francisco Peaks (n=4) White Mountains (n=2) 
Forest type’ >? = < > = < > = < 
Virgin mixed-conifer forest 4 2 
Virgin mixed-conifer forest on rocky 2 l 
slopes 
Virgin ponderosa pine forest 2 2 2 2 
Virgin ponderosa pine-oak-juniper 2 
forest 


ty 


Managed mixed-conifer forest 3 
Managed ponderosa pine forest 2 2 2 2 





Forest types described in Ganey and Balda (1994). Not all forest types « ere found in all home ranges 
« indicate that owl use of that forest type was exther greater than, equal to, ot less than expected use, respectrvely. based on the overall area of that forest type within the home 


ranges of individual owls. Valucs shown are numbers of owls in cach category 





In the Basin and Range-East RU. neither 
J wank ct al. (1994. n - 
Block (unpublished data, n = 15 owls) obscrved 


migration during the nonbreeding season, but 


9 owls) nor ( sane’ and 


rwo of eight radio-tagged owls (25%) in another 
study moved during the winter. These owls 
moved downslope trom mixed-coniter forests to 
the interface between pinyon-juniper woodland 
and desert scrub (Roger Skaggs, New Mexico 


State Univ., Las Cruces, NM; pers. comm.) 


PATTERNS OF HABITAT USE AT 
THE STAND SCALE 


Limited data were available on habitat use by 
Mexican spotted ow's at the stand scale during 
preparation of this Recovery Plan. Analysis of FS 
data tor some nesting stands in the Upper Gila 
Mountains and Basin and Range-East RUs 
suggests that owls typically nest in relatively 


dense stands with high basal areas of live trees, a 
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wide range of tree sizes sugecsting an uncven 
aged structure (Figure 4.1), and a iarge trec 
component (Table 4.5). The data were also used 
to estimate diminution quotients, or q-tactors 
tor nesting stands in both RUs (Table 4.5). This 
parameter is usctul in uneven-aged management 
of tumber stands. It describes the ratio of numbet 
of trees in any diameter class to the number in 
the next-lowest diameter class, and thus describes 
the relative shape of the diameter distribution 
(Daniel et al. 1979). In both RUs, q-tactors 
averaged <1.4 


PATTERNS OF HABITAT USE AT 
THE SITE SCALE 


Several studies have examined characteristics 
ot specific sites used by Mexican spotted owls. 
such as nest and roost sites. These are discussed 


below, by site type 
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Figure 4.1. Diameter dutributrons of live trees sampled in nest stands in the Upper Gila Mountains 


(LM n 


13 stands) and the Basin and Range 


Fast (BR-E: a 


44 sands) Recovery Unis. Shown ts 


percentage of total live tree basal area by 4 in (10 cm) size classes. Data from the FS stand data base 
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Table 4.5. Sclected characteristics of nest stands of Mexican spotted owls in the Upper Gila Mountains (n = 13 stands) and Basin and Range-Fast 
(n = 44 stands) Recovery Units. Data trom the stand data bases for the Apache-Sitgreaves (Upper Gila Mountains) and Lincoln (Basin and Range-East) 


National Forests. Valucs shown are means; no estimates of variability among stands were available 





% of Total Basal Area by Diameter Class 











Recovery Live Tree Basal 
Unit Area (m‘/ha) Trees/ha <30.5 cm 30.6-45.5 cm 45.6-61 cm >61 cm q factor’ 
Upper Gila 
Mountains 28.1 436.5 44 25 17 14 1.33 (0.73) 
Basin and 

~ Range-East 43.2 668.9 5) % 13 9 137 (0.75) 
() tactors calculated mnchadeng all trees > 10 cm (4 om) om diameter at breast height, grouped emto 5 cm (2 mm) diameter classes. & values for q factor computation shown m parentheses 
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Nest Sites 


Armstrong ct al. (1994) and Arizona Game 
and Fish Department (unpublished data) 
sampled habitat characteristics at nest sites on 
Gila Mountains RU (Table 4.6). They sampled 
both tree and cliff nests, but the majority of 
nests sampled were in trees. While limited in 
nested in large trees in closed-canopy stands. 

Ruess (1995) documented current stand 
structure on 0.04-ha (0.1-ac) plots at 11 nest 
and 9 roost sites representing an unknown 
number of owl pairs in ponderosa pine-Gambel 
oak forest in northcentral Arizona. He also 
attempted to estimate what these sites would 
have looked like in terms of forest structure in 
1876, before effective fire suppression began in 
this area, using methods developed by 
Covington and Moore (1994). With a few 
exceptions, Rucss (1995) pooled roost and nest 
will be discussed together here. 

Comparisons of current and estimated 
presettiement conditions on these sites suggest 
that pronounced increases have occurred in tree 
density, basal area, and canopy cover. Current 
density of trees above breast height averaged 
1708.8 + 1009.1 (SD) trees/ha (691.8 + 408.5 
trees/ac), versus an estimated presettlement 
density of 0-225 trees/ha (0-91 trees/ac; | Ruess 
1995:12, no mean presented)). Current basal 
area averaged 66.7 m’/ha (290.7 fr'/ac; [Ruess 
1995:12, no estimate of variability provided)), 
versus an estimated average basal area of 17.8 
m’/ha (77.6 ft’ /ac; [Ruess 1995:12, no estimate 
of variability provided]) circa 1876. Canopy 
cover, modeled based on projection of mapped 
tree crowns, was estimated at 44.8 + 12.9% at 
present, versus 2.2 ¢ 2.9% circa 1876 (Ruess 
1995:22). Variability in species composition and 
structural variables was relatively high for both 
estimated 1876 conditions and current condi- 
trons. 

Two detailed treatments of nesting habitat of 
the Mexican spotted owl are currently available 
(SWCA 1992, Seamans and Gutiérrez in press). 
Seamans and Gutiérrez (in press) compared 
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habitat characteristics between 27 plots (0.04 ha; 
0.1 ac) centered on nest trees and 27 random 
plots from throughout thei study arca (Tularosa 
Upper Gila Mountains RU). The nest plots 
represented nest sites of 27 pairs of owls. Ran- 
dom plots were centered on a randomly-sclected 
tree 227.3 cm diameter at breast height (dbh), 
the minimum diameter among the 27 nest trees. 
This was an attempt to minimize the potential 
trees and random plots on trees of any size. 

Owls nested in mixed-conifer/oak forests 
more than expected by chance, and in pine-oak 
(Seamans and Gutiérrez in press: fig. 1). Most 
nests were located on the lower third of slopes, 
and the mean slope aspect at nest sites was 
randomly-located plots within the study area for 
a number of variables (Table 4.7). li: a discrimi- 
nant function analysis, nest plots wore best 
separated from random plots by variance in tree 
height, canopy closure, and basal area of mature 
trees (defined as stems >45.8 om dbh); all were 
greater on nest than on random plots (Table 
4.7). Cross-validation analyses indicated that the 
results of the discriminant analysis were stable, 
classified 84.6% of a sample of 13 owl nest sites 
from other mountain ranges outside the study 
area (Seamans and Gutiérrez in press). 

Seamans and Gutiérrez (in press) also com- 
pared nest plots to 27 plots randomly located 
within nest stands. Nest plots did not differ 
significantly from random plots within the same 
stand. 

SWCA (1992) sampled habitat characteris- 
tics at 84 nests on FS lands in Arizona and New 
Mexico. They sampled habitat characteristics 
within circular plots (0.2 ha; 0.5 ac), each 
centered on and including either a nest tree, a 
randomly selected tree within the nest stand, or a 
randomly selected tree in a stand within 0.8 
km (0.5 mi) of the nest. These will be referred to 
as nest, nest-stand, and random-stand plots. 
SWCA (1992) concluded that owls selected nest 
sites based primarily on the availability of a 
suitable nest tree. Hardwood snag basal area and 
canopy cover also emerged as potentially impor- 
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Table 4.6. Habitat characteristics sampled at Mexican spotted owl nest sites on three Ranger districts, Apache-Sitgreaves National Fores, Upper Gila 
Mountains Recovery Une. Shown are means and standard errors (in parentheses). Nests sampled were found in trees (n = 30) oF on cliffs (n = 4); some 
variables are relevant to only onc of the two situations. 














Ranger District 
Variable Alpine (n= 16)’ Chevelon (n=12)’ Heber (n=6)’ 
Elevation (m) 2.397 = ($9) 2,095 (30) 2,154 (34) 
Slope (%) $1.2 (5.2) $04 (7.5) $7.2 (5.1) 
Nest tree dbh (cm) 620 (6.1) $94 = (5.1) 63.2 (12.2) 
Nest tree height (m) 32.3 (24) 3.3 = (1.4) 268 (4.9) 
Cliff height (m) 203 (28) 
Nest height in tree (m) 16.1 = (1.2) 183 = (1.6) 143 (2.8) 
Nest height on cliff (m) 158 (3.8) 79 
Basal area (m’/ha) 278 (24) 
Canopy cover at nest (%) % (0.7) 88 (1.7) 82.5 (16.5) 
' Armstrong et al. (1994; 5 = 13 tree and 3 cliff nests) 


* Arizona Game and Fish Department (unpublished data; n « 1! tree and 1 cliff nest on Chevelon Ranger District, 6 tree nests on Heber Ranger District) 
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Table 4.7. Habitat characteristics at Mexican spotted owl nest (n = 27) and randomly located sites 
(n = 27) in the Tularosa Mountains, New Mexico; Upper Gila Mountains RU. Shown are means and 
standard deviation (in parentheses). Data from Seamans and Gutiérrez (in press). 











Site Type 
Variable Nest Random 
Canopy closure (%) 75.9 (14.1) 56.3 (20.4) 
Tree height (m) 20.4 (5.8) 13.9 (52 
Tree height variance 2.2 (1.0) 11 (1.0) 
Live tree basal area (m*/ha) 25.3 (13.2) 18.9 (10.8) 
Basal area of trees >45.58 cm dbh (m*/ha) 12.4 (10.5) 43 (60) 





tant factors in their analysis. This data set was 


reanalyzed by both Zhou (1994) and the Team, 


using different methods. These reanalyses are 
discussed below. 


Reanalysis of SWCA (1992) by Zhou (1994) 


Zhou (1994) conducted three, two-group 
linear discriminant function analyses between 
nest, nest-stand, and random-stand plots. He 
concluded (Zhou 1994:96-102) that: 


1. Mexican spotted owl nest stands differed 


from randomly-selected stands in the 


vicinity. Nest stands typically had a wide 
range of tree diameters and heights, large 


maximum tree diameter, and high tree 
basal area. Nest stands also had higher 


species richness than random stands. 


2. Mexican spotted owls also selected for 


microsites within nest stands. Nest plots 


were located on steeper slopes, had 


greaicr live tree basal area, and were more 


likely to be found on north or east 
aspects than nest-stand plots. 


3. Diameter and height distributions had 


similar shapes on all three plot types, but 
the spread of the distribution differed 


among plot types. With respect to 
diameter distributions, the nest and nest- 
stand plots had greater percentages of 
large trees. With respect to tree height, 
nest and nest-stand plots had greater 
spread to the distribution than random- 
stand plots. This wider spread suggests a 
tendency for the owl to nest in multi- 
storied stands, as wider spread to the 
height distribution increases the prob- 
ability that the stand is multi-storied. 


4. Mexican spotted owls nested in large 
trees. The mean nest tree was located in 
the 92nd diameter percentile and the 
79th height percentile. 


5. The linear combination of habitat 
variables was more successful in classify 


ing habitat than reliance on interpreta- 
tion of coefficients for single variables. 
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Reanalysis of SWCA (1992) by the 
Recovery Team 


The Team also reanalyzed the data from 
SWCA (1992). The Team was interested in 
patterns of habitat use within particular geo- 
graphic regions, and in how similar nest sites 
were among regions. This reanalysis was re- 
stricted to sites in the Upper Gila Mountains 
and Basin and Range-East RUs because these 
were the only RUs well represented among nests 
sampled (n = 44 and 26 sites, respectively). 
Because sample sizes were small, sites were 
pooled among habitat types within each RU. 
Habitat characteristics were first compared 
among plot types within RUs, to see if nest sites 
differed from nest stands or locally-available, 
randomly-selected stands. Characteristics of nest 
plows were next compared between RUs, to see 
how similar nesting habitat was in different 
geographic areas. 

We used chi-square tests to evaluate differ- 
ences in tree species composition between plot 
types (and/or RUs), and Kolmogorov-Smirnov 
tests to compare diameter distributions. Because 
the Kolmogorov-Smirnov test compares only 
two groups at a time, three separate tests were 
necessary to compare all three plot types. To 
avoid inflating the Type I error rate, we parti- 
tioned the error among these three comparisons 
using a Bonferroni adjustment, and used an 
alpha level of P <0.016 for significance. 

Other habitat variables were compared 
among plots or between RUs using univariate 
ANOVAs. Where these comparisons were 
significant, Scheffe's multiple range test was used 
to determine where the differences occurred. 
Variables included diameter at breast height 
(dbh) of center tree, density (trees/ha) of live 
trees and snags >12 cm (4.7 in) dbh, basal area 
(m*/ha) of live trees and snags >12 cm dbh, and 
volume of logs (m’/ha) >12 cm in large-end- 
diameter. Basal area was calculated for each 
individual tree or snag based on dbh, then 
summed within each plot. Log volume was 
calculated using diameter and length measures, 
assuming a cylindrical shape. Log volumes are 
overestimated (perhaps greatly) because diameter 
was measured at the large end. 
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Comparisons Within Recovery Units.—Tree 
species composition differed significantly among 
plot types in both RUs. In the Upper Gila 
Mountains RU, nest plots contained greater 
proportions of Douglas-fir and Gambel oak and 
less ponderosa pine than did random-stand plots 
(Figure 4.2). In the Basin and Range-East RU, 
nest and nest-stand plots contained more white 
fir and less ponderosa pine than did random- 
stand plots (Figure 4.2). 

Diameter distributions in both RUs were 
significantly different between nest plots and 
both nest-stand and random-stand plots, but 
were not significantly different between nest- 
stand and random-stand plots. Nest plots typi- 
cally had lower proportions of basal area in the 
smallest size classes than did random-stand plots 
(Figure 4.3). In general, basal area was more 
evenly distributed across size classes in nest 
stands than in random stands, suggesting a trend 
toward uneven-aged stands. This trend was more 
evident in the Basin and Range-East RU than in 
the Upper Gila Mountains RU. Grouping of 
trees into four diameter classes, representing 
“young,” “mid-aged,” “mature,” and “old” trees 
(USDA Forest Service 1993), also indicates that 
nest plots contained relatively fewer trees in the 
smallest size class and more trees in the largest 
two size classes than other plots (Table 4.8a, b; 
note that these comparisons refer to percentages 
of total trees, not to absolute numbers). In both 
RUs, nest trees were significantly larger 
(P <0.0001) than randomly-selected trees (Table 
4.8). Only 2.4% of 21,951 trees and snags 
sampled had a dbh 261.4 cm (24.2 in), the 
mean diameter for nest trees. 

lis the Upper Gila Mountains RU, plot types 
differed significantly in snag density 
(P <0.0001), snag basal area (7 = 0.0003), live 
tree basal area (7 <0.0001), and log volume 
(P = v.0006), but not in live tree density 
(P = 0.30). For snag density, nest plots differed 
from both nest-stand and random-stand plots; 
and nest-stand plots also differed from random- 
stand plots. For snag basal area, nest plots and 
nest-stand plots differed from random-stand 
plots, but not from each other. For live tree basal 
area, nest plots differed from both nest-stand 
and random-stand plots, but we found no 
difference between the latter two plot types. For 
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Figure 4.2b. Basin and Range-East Recovery Unit (n = 26 sites). 
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Figure 4.3. Diameter distributions of live trees sampled on nest, nest stand, and random stand plots. 


Shown is percentage of total live tree basal area by 4 in (10 cm) size classes for (a) Upper Gila Moun- 


tains, and (b) Basin and Range-East. Data reanalyzed from SWCA (1992). 
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Table 4.8a. Habitat characteristics sampled at 44 Mexican spotted owl nest sites in the Upper Gila 
Mountains Recovery Unit, as well as at randomly located plots within the nest stand and in a randomly 
selected stand within 0.5 mi of the nest site. Data reanalyzed from SWCA (1992). Values shown are 


mean (+ standard deviation). 











Plot Type 
Random-stand 
Variable Nest Plot Nest-stand Plot Plot 
Center tree dbh (cm) 60.6" 32.2" 32.7" 
(25.6) (16.9) (10.2) 
Log volume (m’/ha) 97.8" 94.7" 54.6" 
(58.6) (64.7) (45.6) 
Canopy closure (%) 90.8 87.4 68.4 
(9.0) (12.2) (18.2) 
Trees/ha (> 12 cm dbh) 445.2’ 447.2° 360.8" 
(175.4) (209.8) (200.9) 
Snags/ha (> 12 cm dbh) 63.9 44.0" 17.6 
(40.5) (30.4) (21.2) 
Live tree basal area (m’/ha) 30.0" 24.7" 20.0° 
(10.4) (10.6) (8.4) 
Snag basal area (m’/ha) 4.1" 3.2" 1.6" 
(3.4) (2.8) (2.1) 
Trees < 30.5 cm dbh (%) 72.9 76.8 77.8 
Trees 30.5-46 cm dbh (%) 17.7 16.5 15.9 
Trees 46-61 cm dbh (%) 5.9 4.1 43 
Trees >61 cm dbh (%) 3.5 2.6 1.9 





““< Plot values followed by the same letter do not differ significantly. Canopy closure not tested, reported for 


informational purposes only. 


log volume, both nest plots and nest-stand plots 
differed from random-stand plots, but not from 
each other (Table 4.8a). 

Of the five characteristics discussed above, 
only live tree basal area and log volume differed 
significantly (P = 0.0121 and 0.0061, respec- 
tively) between plot types in the Basin and 
Range-East RU (all other P values >0.05). Both 
variables differed only between nest plots and 
random-stand plots, not between nest plots and 
nest-stand plots or between nest-stand and 
random-stand slots (Table 4.8b). 
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Comparisons Between Recovery Units. —Species 
composition of nest sites differed significantly 
between RUs (X* = 1669, df = 4, ? <0.00001). 
Nest sites in the Basin and Range-East RU were 
dominated by white fir and Douglas-fir, those in 
the Upper Gila Mountains RU by ponderosa 
pine, Douglas-fir, and Gambel oak (Figure 4.2). 
Diameter distributions also differed between 
RUs in comparisons of nest plots (Figure 4.3). 
No differences were found between RUs for nest 
tree dbh, live tree basal area or density, snag basal 
area or density, or log volume. 








Table 4.8b. Habitat characteristics sampled at 26 Mexican spotted owl nest sites in the Basin and 
Range-East Recovery Unit, as well as at randomly located plots within the nest stand and in a ran- 
domly selected stand within 0.5 mi of the nest site. Data reanalyzed from SWCA (1992). Values 











shown are mean (+ standard deviation). 
Plot Type 
Random-stand 
Variable Nest Plot Nest-stand Plot Plot 
Center tree dbh (cm) 62.3 28.1° 34.4" 
(27.8) (15.4) (15.5) 
Log volume (m’/ha) 120.3° 78.7” 58.9" 
(97.0) (40.9) (54.1) 
Canopy closure (%) 89.1 90.0 77.9 
(12.6) (9.2) (20.8) 
Trees/ha (> 12 cm dbh) 400.3" 507.0’ 424.0’ 
(147.6) (177.3) (197.4) 
Snags/ha (> 12 cm dbh) 55.0° 51.5’ 47.6" 
(34.3) (38.9) (43.1) 
Live tree basal area (m’/ha) 29.4" 28.5*" 21.3° 
(12.3) (8.8) (10.1) 
Snag basal area (m’/ha) 44 2.4’ 2.8" 
(4.0) (2.5) (3.2) 
Trees < 30.5 cm dbh (%) 72.9 75.8 77.7 
Trees 30.5-46 cm dbh (%) 16.3 17.3 16.0 
Trees 46-61 cm dbh (%) 6.2 4.2 4.6 
Trees > 61 cm dbh (%) 46 2.8 1.8 





bh 4 . 
*” Plot values followed by the same letter do not differ significantly. Canopy dosure not tested, reported for 


informational purposes only. 


Roost sites 


Many studies have described characteristics 
of roost sites. Some of these descriptions are 
based on plot-level sampling, whereas others are 
based on sampling of microsites (such as an 
individual tree). Microsite descriptions will be 
discussed under “Patterns of Habitat Use at the 
Tree scale”; plot-level data are discussed below. 

In most of the studies described here, the 
number of plots measured exceeded the number 
of owls studied. Thus, these plots cannot be 
considered totally independent samples, and 
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apparent levels of significance may be inflated 
(Hurlbert 1984). In most cases, significance 
levels are so high that we believe pseudoreplica- 
tion is not a major problem. This is further 
suggested by the fact that results are comparable 
between these studies and another (Seamans and 
Gutiérrez in press) that did not involve pseu- 
doreplication (see below). 

Rinkevich (1991; see also Rinkevich and 
Gutiérrez in review) and Willey (1993) sampled 
habitat characteristics within roost-centered 
circular plots of 0.04 ha (0.1 ac) each within the 
Colorado Plateau RU. All roost sites were 








located in narrow gorges and/or canyons. 
Rinkevich (1991) used discriminant function 
analysis to compare owl roost sites to randomly 
located sites in Zion National Park, Utah. Owl 
sites had higher absolute humidity, more vegeta- 
tion strata, narrower canyon width, and higher 
percent ground litter than random sites 
(Rinkevich and Gutiérrez in review). She also 
compared randomly located plots (n = 54) 
within canyons where owls were heard to plots 
(n = 44) within canyons where owls were not 
heard. Canyons occupied by owls had higher 
humidity and snag basal area than canyons 
where owls were not heard (Rinkevich and 
Gutiérrez in review). The number of plots in 
these analyses is greater than the number of owls 
for canyons in the second analysis), which is 
unknown. 

Willey (1993) sampled habitat characteristics 
on 129 plots representing roost sites of 14 radio- 
tagged owls on three study areas in southern 
Utah. Habitat features at roost sites were com- 
pared to characteristics measured at 30-50 
random points scattered within each home range 
(Willey 1993:10). Seven variables were analyzed 
using discriminant function analysis (Willey 
1993:10). Temperature, slope, vegetation canopy 
cover, and number of ledges and fir trees dis- 
criminated between roosting plots and random 
plots (Willey 1993: table 5). Univariate analyses 
provided similar results, suggesting that “owls 
used narrow canyon roosts characterized by cool 
daytime temperatures, steep slopes, and relatively 
dense overhead cover. Roosts typically possessed 
large trees in juxtaposition with caves and ledges, 
providing a more complex habitat architecture 
than the surrounding habitat” (Willey 1993:16). 
The number of plots also exceeded the number 
of owls in this study. 

Ganey (1988, see also Ganey and Balda 
1994) sampled habitat characteristics on 1/7 
circular plots (0.04 ha; 0.1 ac) within four owl 
home ranges (defined using the MCP method) 
in the Upper Gila Mountains RU. Plots repre- 
sented high-use roosting and foraging sites, and 
randomly-seiec.. d sites within owl ranges. This 
study also }ad nucre plots than owls. In addition, 
roost plots were always tree-centered, whereas 
only some foraging and randomly-selected plots 
were tree-centered. This could create a positive 
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bias for tree-related variables, such as tree den- 
sity, tree basal area, and canopy cover, on roost 
plots. 

Plot type was misclassified 33% of the time 
in a 3-group discriminant function analysis 
(Ganey 1988; all classification rates refer to 
jackknifed classification). Most misclassification 
occurred between foraging and roosting sites. 
Two-group analyses had higher rates of success- 
ful classification and were easier to interpret. The 
function that resulted in maximum separation of 
roosting and foraging sites correctly classified 
76% of the sites. Variables entering the equation 
greater on roosting sites (Table 4.9). A compari- 
son of foraging and random sites resulted in 
84% successful classification. Variables entering 
the discriminant function were total basal area 
and big down logs/ha (defined as logs >30.5 cm 
[12.0 in] in diameter); both were greater on 
foraging sites. Comparing roosting and random 
sites, 90% of all sites were successfully classified. 
Variables entering te discriminant function 
were total basal area, snags/ha, canopy closure, 
and big down logs/ha; all were greater on roost- 
ing sites. 

(1988), the Team conducted Kolmogorov- 
Smirnov tests on diameter distributions as 
described under nest sites (see above). We found 
no difference in diameter distributions between 
roosting sites and either foraging or random 
sites. Diameter distributions were significantly 
different between foraging and random sites. In 
general, foraging sites had fewer small trees and 
more trees in the largest size classes than random 
sites (Table 4.9). Again, note that these are 
relative comparisons, and refer to percentages of 
total trees rather than to absolute numbers of 
trees. 
Seamans and Gutiérrez (in press) compared 
habitat characteristics sampled on 0.04-ha (0.1- 
ac) circular plots at 78 roost sites and 71 random 
sites, Tularosa Mountains, Upper Gila Moun- 
tains RU. Roost plots were centered on the roost 
tree (one plot cach from 78 separate owls), and 
random plots were centered on randomly- 
selected trees throughout the study area. Owls 
roosted in mixed-conifer/oak forest more than 
expected by chance, and in pine-oak forest and 





Table 4.9. Habitat characteristics sampled on 0.04 ha (0.1 ac) circular plots within home ranges of radio-tagged Mexican spotted owls inhabiting 
mixed-conifer and ponderosa pine forests, northern Arizona (Upper Gila Mountains Recovery Unit). Data from Ganey and Balda (1994); n = six 
owls occupying four home ranges. Shown are means and standard deviations (in parentheses). 











Plot Type 

Variable Foraging (n=66) Roos: 1g (n=33) Random (n=68) 
Small down logs/ha (< 30.5 cm diam) 116.8 (97.0) 148.2 (95.7) 96.3 (86.1) 
Big down logs/ha (> 30.5 cm diam) 83.5 (57.9) 1228 (66.1) 47.9 (46.3) 
Canopy closure (%) 67.2 (10.9) 79.1 (5.2) $1.7 (18.8) 
Trees/ha {> 10 cm dbh) 646.7 (288.0) 812.9 (334.3) 445.3 (277.0) 
Srags/ha (> 10 cm dbh) $5.0 (48.2) 97.3 (66.8) 22.5 (30.1) 
Tree basal area (m*/ha) 47.5 (13.5) 52.3 (16.4) 29.9 (14.0) 
Snag basal area (m‘/ha) 64 (7.1) 8.9 (8.2) 24 (3.7) 
Trees < 30.5 cm dbh (%) 69.1 71.5 73.6 

Trees 30.5 - 46 cm dbh (%) 16.7 18.2 14.7 

Trees 46 - 61 cm dbh (%) 9.2 6.9 6.9 

Trees 261 cm dbh (%) 4.9 3.3 48 
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Table 4.10. Habitat characteristics at Mexican spotted owl roost (n = 78) and random sites ia the 
Tularosa Mountains, New Mexico; Upper Gila Mountains RU. Shown are means and standard 
deviations (in parenthesis). Data from Seamans and Gutiérrez (in press). 











Site Type 

Variable Roost Random 
Canopy closure (%) 85.2 (9.9) $0.6 (22.4) 
Tree height (m) 190 (43) 11.9 (5.4) 
Tree height variance 22 (14) Lt (1.0) 
Live tree basal area (m’/ha) 31.7 (14.2) 19.8 (11.8) 
Basal area of trees > 45.8 cm dbh 90 (7.9) 37 (56) 
(m*/ha) 





pinyon-juniper woodland less than expected. 
Most roosts were located on the lower third on 
random plots for several variables (Table 4.10). 
sites in a discriminant function analysis by 
greater on roost than on random sites. Cross- 
validation analyses indicated that the discrimi- 
nant analysis results were stable (Seamans and 
Gutiérrez in press). 

A. Hodgson and P. Stacey also evaluated 
roost sives in the Upper Gila Mountains RU 
(Peter Stacey, Univ. of Nevada, Reno, NV; pers. 
comm.). They compared habitat characteristics 
sampled on 0.04-ha (0.1-ac) circular plots 
between 55 roost sites and 69 random sites in 
the San Mateo Mountains, New Mexico (the 
number of plots is also greater than the number 
of owls in this study). Owls typically roosted in 
of near canyon bottoms, in relatively dense 
stands of mixed-conifer forest containing signifi- 
cantly more Douglas-fir, Gambel oak, and 
limber pine than random sites. Deciduous trees 
accounted for >28% of total basal area and 
>50% of total tree density. Roost trees averaged 
31 cm (11.6 in) dbh, with most roosting occur- 


ring in Douglas-fir (54%) or Gambel oak (21%). 


In a second comparison, Hodgson and 
Stacey restricted their analysis to roost and 
random sites in mixed-conifer forest (n = 55 and 
36, respectively). Within this forest type, roost 


Ab 
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sites contained greater densitics and basal areas 
of Garnb<l oak and lower densities and basal 
areas of conifers than random sites. Differences 
between ost and random sites were generally 
greatest with respect to trees from 15-30 cm 
(5.9-11.8 in) dbh. Roost sites had greater densi- 
ties of deciduous trees and lower densities of 
coniferous tree in this size-class than random 
plots within mixed-conifer forest (Meter Stacey, 
Univ. of Nevada, Reno, NV’; pers. comm.). 
Tarango et al. (1994) szmpled seven roost 
sites in Chihuahua, Mexi.o (Sierra Madre 
Occidental-Norte RU), asing 0.04-ha (0.1-ac) 
circular plots. Roosts were typically located in 
multi-layered pine-oak forests on the lower 
portions of north-facing slopes. Oaks dominated 
most roost sites by density, comprising 46.6% of 


the trees present, on average (Tarango ct al. 
1994:1), 


Foraging Sites 


The only available data on foraging sites 
come from Ganey (1988) and Ganey and Balda 
(1994), discussed above. Relative to random 
sites, foraging sites within owl home ranges had 
greater total basal areas and more big down logs/ 
ha (Table 4.9). Relative to roosting sites, forag- 
ing sites had lower canopy closure and fewer 
snags/ha (Table 4.9). In a discriminant function 
analysis, foraging sites were not as readily distin- 
guished from random sites as roosting sites and 








function axis (Gancy 1988, fig. 12). Both of 

these results suggest greater variability in forag- 

with results 2” the home-range scale (Gancy and 

Balda 1994). As noted above for roosting sites, 

represent the full range of conditions used for 

foraging. 
PATTERNS OF HABITAT USE 

At A TREE SCALE 


of trees and other microsites, such as cliff ledges 
ot caves, used by owls for nesting or roosting. 
This information is primarily descriptive, and 
with the exception of SWCA (1992), Rucss 
(1995), and Seamans and Gutiérrez (in press) 
provides no basis for comparing used and avail- 
able trees. 


Nest Trees 


Nest trees were deec:.Sed, with varying levels 
of detail, by SWCA (1992), Armstrong et al. 
(1994), Pletcher and Hollis (1994), Ruess 
(1995), Seamans and Gutiérrez (in press), and 
Arizona Game and Fish Depiziiment (unpub- 
lished data). Aii of these studies were conducted 
on FS lands in Arizona and New Mexico, and 
some nests may be represented in 22 studies. 

SWCA (1992) sampled 84 nest trees; 81% 
were conifers and 19% were hardwoods. Fifty 
percent of all nests were in Douglas-fir trees, 
with 20% and 19% occurring in Gambel oak 
and white fir, respectively (SWCA 1992:17). 
Eight percent (n = 7) of all nests occurred in 
snags; five of these (57%) were Gambel oak 
snags (SWCA 1992:17). 

Nest trees averaged 63.3 cm (24.9 in) dbh, 
and ranged from 17-127 cm (6.7-50.0 in; 
SWCA 1992). Nest structures in living oak trees 
(n = 14, 17%) were located either in a broken 
top (n = 3) of a side cavity (mn = 11). Nest struc- 
tures in live conifers included broken top cavities 
(n « 5), old raptor nests (mn = 14), witches 
brooms (n = 25), stick platforms on “bayonet 
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limbs” (nm = 12), stick nests in a multiple-topped 
tree (n = 4), and a squirrel nest (n = 1). All snag 
nests were either broken top (n = 5), or cavity 
(n = 3), and one snag contained both nest types 
(SWCA 1992-21). 

have a deformed crown than randomly-sclected 
trees (SWCA 1992:30), although 65% of all nest 
trees had a normal crown form. Types of de- 
formed crown included broken top (19%), 
multiple top (5%), dead top (10%), and dying 
top (1%). These percentages are based on 81 
nest trees, with three unaccounted for (SWCA 
1992: table 9). 

Fletcher and Hollis (1994) reported on 
microste characteristics of 248 nests located 
throughout Arizona and New Mexico. It is 
impossible to tell how many different pairs of 
owls these nests represent, and some of these 
sites may also be included in samples discussed 
cleewhere (SWCA 1992, Ruess 1995, Seamans 
and Gutiérrez in press). Furthermore, not all 


ing from this data set. In many cases, the num- 
bers presented here were recalculated from 
summary data in Fletcher and Hollis (1994). In 
those cases the page or figure number where the 
data were found is cited. Sample sizes vary 
among values reported, because not all variables 
were sampled at cach site. 

Of the 248 nests sampled, 90.3 and 9.7% 
were in trees and cliffs, respectively (Fletcher and 
Hollis 1994: fig. 28). Most nests fell within a 
fairly narrow elevational band, with 72% falling 
between 1982 and 2287 m (6500-7500 fr), 
85.4% falling between 1983! and 2591 m (6500- 
8500 ft), and 95.5% falling between 1829 and 
2591 m (6000-8500 ft), respectively (Fletcher 
and Hollis 1994: fig. 29). Forty-three percent of 
the cliff nests were found below 1982 m (6500 
ft). 

Almost 50% of 236 nests where aspect was 
recorded were located on north or northeast 
aspects (Fletcher and Hollis 1994:48). Slope 
averaged 44 + 40 (SD)%, with 34.5% of all 
nests found on slopes >40% (Fletcher and Hollis 
1994:49). Almost half of all nests were located 








on the lower third of slopes, with the remainder 
split almost evenly berween middle and upper 
slopes (Fletcher and Hollis 1994: fig. 50). 
Roughly 50% of the nest« ov upper slopes were 
cliff nests or nests in Ganvbe! oak (Fletcher and 
Hollis 1994: fig. 50). 

Dominant cover types recorded at 237 nest 
sites were: 80.2% mixed-conifer, 15.2% pine- 
oak, 2.1% ponderosa pine, 1.7% riparian, and 
0.8% other (Pletche: and Hollis 1994: fig. 35). 
Of 224 tree nests, 57% were in Douglas-fir, 16% 
in Gambel oak, 13% in white fir, 9% in ponde- 
rosa pine, and 59% in other species (Fletcher and 
Hollis 1994: fig 40). 

Nest tree diameter was recorded at 204 nest 
sites. Trees < 15.2 cm (<6 in) in dbh accounted 
for 2% of all nests. Relative frequencies of the 
other size classes were: 13.7% in trees from 15.2- 
30.5 cm (6-12 in) dbh, 22.6% in trees from 
30.5-45.7 cm (12-18 in) dbh, 19.1% in trees 
from 45.7-61 cm (18-24 in) dbh, and 42.7% in 
trees >61 cm (>24 in) dbh (Fletcher and Hollis 
1994: fig. 41). Forty-five percent of tree nests 
wee classified as “witches broom”, with 31.3% 
in cavities (including broken tops), 14.7% in 
“debris platforms’, and 8.9% in “other stick 
nests’ (Fletcher and Hollis 1994: fig. 36). 

Six of 11 nests (54.5%) sampled by Ruess 
(1995: fig 7) were in Gambel oak, with the 
remainder in ponderosa pine. Ruess (1995) did 
not report mean diameters for nest trees, but 
found four nests (36.4%) in trees of 
presettlement origin (>115 yrs in age) despite 
the fact that such trees accounted for only 0.5% 
of total trees on his study area (Ruess 1995: table 
3, fig. 7). 

Seamans and Gutiérrez (in press) reported 
78% of 27 nests in Douglas-fir, 11% in white fir, 
7% in ponderosa pine, and 4% in southwestern 
white pine. With respect to nest structure, 61% 
were located in dwarf mistletoe infections, 
10.5% in old squirrel nests, 10.5% in old raptor 
nests, 7% in debris collections, 7% in tree 
cavities, and one nest (4%, n = 28 nests for these 
calculations) was on a cliff. Nest trees averaged 
60.6 + 52.4 cm (23.9 + 17.6 in) in dbh and 
164 + 44.8 years in age. Nest trees were signifi- 
cantly larger and older than randomly sampled 
trees within the nest vicinity (Scamans and 
Gutiérrez in press). 
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Roost Trees 


Several researchers have described character- 
istics of roost trees and a very small area around 
RU, where possible, in Table 4.11. In general, 
roost characteristics appeared to be relatively 
variable among study arcas (Table 4.11), suggest- 
‘ng that greater variability exists among roost 
tees than among «trees used for nesting. Canopy 
closure was more Consistent among study arcas 
than most other characteristics sampled, and was 
relatively high on most study areas. Canopy 
closure was <65% on only one study area 
(Canyonlands, Colorado Plateau R! ’, Table 
4.1 1a). This may reflect the fact th . >85% of 
the roost sites sampled on that scudy area were 
located on cliffs or in pinyon-juniper woodland 
(Table 4.1 1a). 

Roost tree characteristics appeared to be 
relatively similar among similar habitat types. 
For example, mean roost tree diameter was more 
consistent among the mesic mixed-conifer sites 
(San Francisco Peaks, White Mountains, and 
Sacramento Mountains: mixed-conifer) than 
between these sites and other areas. Similarly, 
characteristics were more similar among the 
more xeric sites (Sacramento Mountains: xeric 
mixed forest and Bar-M watershed) than be- 
tween these and other areas (Table 4.11). One 
clear pattern that emerges from these studies is 
that owls roost in smaller trees, on average, than 
those used for nesting. Ruess (1995: fig. 7), 
however, noted that three of nine roosts ob- 
served in ponderosa pine-Gambel oak forest 
were >115 yrs old, despite the fact that only 
0.5% of all trees sampled in the area were of 
such age (Ruess 1995: Table 3). This suggests 
that old, large trees may also be important for 
roosting in some areas. 

Fletcher and Hollis (1994) reported sum- 
mary characteristics sampled at 433 roost sites 
located during FS inventory and monitoring 
efforts in Arizona and New Mexico. This sample 
is discussed separately here because roost sites 
could not generally be assigned to particular 
RUs, as was done for the data sets summarized in 
Table 4.11. This data set is subject to all the 
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Table 4.11a. Selected characteristics of roost sites used by radio-tagged Mexcan sported owls in the 
Colorado Plateau Recovery Unit. Values shown are means (+ standard deviation) for continuous 
variables, % for categorical variables. Source: D.W. Willey (unpublished data). 











Study Area 
Canyonlands (n «12 Mant LaSal Zion Natl Park 
owls, 37 roosts) (n=12 owls, 35 (n=18 owls, 57 
Variable roosts) soosts) 
Elevation (m) 1644 (114) 2.070 (181) 1.820 (180) 
Roos tree dbh (cm) 2 (9) 43 (12) 4) (9) 
Roost tree height (m) 7 @& 2i (11) 12 (8) 
Canopy closure (%) 4s (5) 72 86 65 (3) 
Aspect 
E 8.1 31.4 21.1 
Ss 460 22.9 281 
W &1 114 19.3 
N 78 “5 416 
Covet type 
Mixed conifer $4 914 79.0 
Ponderosa pine 70 
Mixed broadleaf 8.1 
Pinyen sumiper 67.6 86 7 
Shickrock 18.9 12.3 
Perch type 
Tree 22 65.7 649 
Snag 2.7 29 70 
Chiff 13.5 11.4 123 
Cave 18.9 14.3 14.0 
Ovher 2.7 $.7 18 
Tree species 
Douglas fir 65.3 $3.8 
Ponderosa pine 18.0 
White fir 128 
Pinyon pine 79.2 26 
Box clder/maple 16.7 26.9 128 
Utah pumuper 42 7.7 
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able 4.1 0b. Sclected charactenstics of roost sites used by nadie tagged Mexican spotted owls an the 
Uppes Gila Mountains Recovery Uan Valucs shown arc mean (+ standard devianen) tor Contenmous 


variables, “o tor catego al variables. 











Study Arca 
San Framimo Walnut White Har M 
Peaks (n 4 (Canyon Mountains (n- 2 Watershed 
owls, 66 (nm 2 owls, owls, 16 (n- 15 owls, 
Vatiable roosts) 4 roosts)’ roosts) ASB roosts) 
Elevation (m) 1519 (8S) O48 (0) Mor aid) 168 (86) 
Slope (%) a7 (2) We’ art) S226) 1”) 
Reost tree dbh (cm) aia * (6) as (18) ‘! (4) 
Roost tree heaght (m) 1”) 1s (4) sao) law =D) 
Overstory herght (m) Ad (.”) 
Canopy closure (%) oe sy a) ‘Ss (RN) wr  4«) 
Aspect 
k 0 27 14 1 (hy) 
s 4) 0 1! JR LY) 
w ) i 4] vw (00) 
N 1") i a Oo (1) 
Cover type 
Mixed conifer KY 4? 1M) 
londerosa pine 1 An Pa) 
line oak wR «) 
Mixed broadleaf s4 
linyon juniper 
Perch type 
lree hoo (/ 1 mm (4) 
rag | (4) 
Chff )) 
(ave 11 
Tree Species 
Douglas fir an is “ 
londerova pine th § 14 RS (14) 
White fir Mm 9 
(rambel oak ms (bh) 
Hox elder »” 
Other 2 1. 
Slope position 
Upper third ss J i wy (’) 
Middle third 4! 4s Me (16) 
Lower third & 
canyon bottom ‘4 % Th ‘’oa) 
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Table 4.11. Sclected characteristics of roost sites used by radio tagged Mexican spotted owls in the 
Basin and bast: Range Recovery Unit. Valucs shown are mean (+ standard deviation) for Continues 
variables, %o for categorical variable: 
Study Arca 
Sacramento Sacramento Sacramento Sacramento 
Mountains Mountains Mountains Mountains 
mised conifer miacd consider xcrm mined acre mised 
in-5 owls, (n-8 owls, forest (n-4 owls, forest (n- 7 owls, 
Variable 156 roosts)’ 474 roosts)’ 174 roosts)’ 472 toosts)’ 
Elevation (m) 6b 00) so) Choa) 
Mope (%) Me be) sy 60) slo) + iv) 
Roost tree dbh (cm) ss (8) ” (7) 
Roost tree heaght (m) mom) ow lie (6) yt) 
Overstory heaght (m) 1” Gt) " (1) 
(_anopy closure (%) NS (1%) o® (8) s UO) GN (4) 
Aspect 
EF ” (2S) ‘> (ta) 
Ss Jt (hy) ‘ (4) 
Ww 4 (4) iy (>) 
N am) Cry) 
(Clover type 
Mixed cousfer RN "" (RB) x” (") 
londerosa pine 4 (4) 
line oak s i") 
Pinyon juniper sof) 
Other , (7) 
Perch type 
lree an My (*) 
Snag , (fh) ‘ (%) 
Chff (4) 
(ave 
Tree species 
Douglas fir iy Ww) CTS) i} re 2 
londerosa pine ' ’ «s) ‘x yt) 
White fir Ms son) (, ' (") 
Crambel oak la (4) 11 (§) 
Hox elder 
Other S Y(tt) 14 1! (") 
Slope position 
Upper third la () In (TN) 
Middle third Mm”) )) (") 
Lower third & 
canyon bottom O) (16) wm (bs) 
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limitations discussed relative to nest sites (sec 
above) described by Fletcher and Hollis (1994). 

Ninety five percent of all roosts were in 
trees, with the remainder on cls oF in caves 
(Hetcher and Hollis 1994: fig. +2). Percent slope 
averaged 46 + 34%, with 45% of all roost sites 
occurring on slopes 40% (Pletcher ard Hollis 
14: fig. 46). Mast (57%) of these roost sites 
were found on the lower third of slopes (Met her 
amd Hollis 1994: fig 47). 

OM 467 roost sites where cover typo Was 


be 


o were mn mixed coniler, 27.2% 


recorded, 65. 
in pine oak, 2.7% in riparian, 1.4% in ponde 
rosa pine, and 3.16 in other cover types 
(Hetcher and Hollis 1994: fig. 49). A vanety of 
trees provided roost perches, including Douglas 
fir (38.8%), Gambel oak (17.9%), ponderosa 
pine (11.9%), white fir (11.4%), other oak 
species (8.0%), and other species (12.4%; 
Hetcher and Hollis 1994: fig. 54; 402). Trees 
158.2 om (<6 on) dbh accounted for 8.8% of all 
rorsts, with 4007) 2400, PED, and 14.4% on trees 
from 15.2 30.5, 30.5 48.7, 45.7 61, and -Ol om 
(6 12, 12 18, TR 24, and » 24 in) in dbh, respec 
tively (Pletcher and Hollis 1994: fig. 54). 

Ganey and Block (unpublished data) evalu 
ated seasonal differences in roost site Characterts 
tos in ponderosa pine Gambel oak forest (Laible 
4.12). Canopy closure was preater at roosts used 
during the breeding, season, Owls used Gambel 
oak significantly more often during the breeding 
season, and tended to roost more often on the 
upper third of slopes during the breeding season 
and on the middle third during the nonbreeding 
season, 

Gancy and Mock (unpublished data) also 
reported some characteristics of winter roosts 
used by nwo owls that migrated to lower cleva 
ons (Liable 4.1.5). Both owls roasted primarily 
in pinyen juniper woodland, on the middle and 
upper portions of slopes. They typically perched 
low in short pumiper trees, well hidden by dense 
foliage and near the center of the tree. These 
winter roosts differed greatly in structure and 
species Composition from typical summer 
roosting habitat. 
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WINTERING HABITAT 


Present knowledge of wintering habitat of 
Mexican spotted owls comes primarily trom 
radwtclemetry studics (sce Pattcrns of TE Labitat 
Use at the Home Range Scale) and opportunistic 
observations of wintering adults. Radiotclemetry 
studies indicate that many owls remain on then 
breeding areas throughout the year, whereas 
some migrate off of the study arca. Where 
wintering areas of migrants have been located, 
they are typically in lower clevation woodland or 
scrub habitats with more open structure than 
typical breeding habitat. However, once owl in 
the Colorado Platcau RU migrated upwards in 
clevation to winter in coniferous forest (Willey 
1°) 4). 

Opportunistic sightings of spotted owls 
during the winter also suggest that part of the 
population moves to lower clevations. bor 
cxample, owls have been sighted in lower Sabino 
Canyon, outside of Tucson, Anzona, and on goll 
courses in lucson in recent winters (Russell 
Duncan, Southwestern bickd Biologists, Tucson, 
AZ, pers. comm.). An adult owl banded on the 
Gila National borest, Upper Gila Mountains 
RU, was recovered during winter 1995 neat 
Deming, New Mexico, Basin and Range East 
RU. Thos bird had apparently traveled approx 
mately 160 km (100 ma) trom the area where ut 
was located during the breeding season, from 
high clevation forest to Chihuahuan desert 
(Mark Scamans, Tlamboldt Suate Uni... Arcata, 
CA, pers. comm.), 

In summary, available evidence on wintering 
habitat is limited, but suggests that the bulk of 
the ow! population ts nonmigratory, Where 
migration does occur, i typically involves 
movement to lower, warmer, and more open 
habitats. In some cases, migration involves 
movement between adjacent Recovery Units. 
Little quantitative data exists to describe typical 
wintering habitat for enher migrants or yeat 
round residents. 


DISPERSAL HABITAT 


Very lithe is known about habitat use cuther 
by adults during migration or by juveniles 

















Meaican Squated (hal Revenery Man 
Table 4.12. Scasonal reest site characteristics of radio-tagged Mexican spotted owls in ponderosa 
pine-Gambel oak forest, Arizona (Upper Gila Mountains Recovery Unit). Data trom Gancy and 
Klock (unpublished). Valucs shown are mean (+ SD) for continuous variables, % for categorical vari 
ables. 
Season 
Breeding (Mar- Nonbreeding (Oct- 
Sep; n=13 owls, Feb; n= 13 owls, 
Variable 206 roosts) 252 roosts) 
Elevation (m) 2,144 (114) 2,158 (85) 
Slope (%) Im (14) I (1) 
Roost tree dbh (cm) s2 (14) 1nd) 
Roost tree height (m)' IS (7) lo (6) 
Canopy closure’ (16) G7 (18) 
Cover type 
Ponderosa pine ; 
Pine-oak ”) 97 
Tree species’ 
Ponderosa pine (. M 
Gambel oak ‘8 
Slope position’ 
Upper third AG ‘4 
Middle third dM 4) 
Lower third tt ds 
Aspect 
E 1? 1) 
s 19 4 
WwW 4. ”) 
N 27 It 





! 
Variable citters sant antly (7". 0005) between scavons, based on f test 


Vattable ditters synitiantly (7? 0005) between seasons, based on chi square test 
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Table 4.13. Characteristics of roost sites used by two migrant Mexican spotted owls on their winter 
range. Bo:h owls bred in ponderosa pine-Gambel oak forest in the Upper Gila Mountains Recovery 
Unit, and wintered in pinyon-juniper woodland on the Basin and Range-West Recovery Unit. Data 








from Ganey and Block (unpublished). 
Standard 

Variable n' Mean Deviation 
Clevation (m) 32 1,342 57 
Slope (%) 33 33 17 
Roost tree dbh (cm) 5 35 13 
Roost tree height (m) 33 6 2 
Overstory height (m) 24 7 2 
Canopy closure (%) 7 29 27 
Cover type (%) 37 

Pinyon juniper 100 
Roost tree species (%) 36 

Pinyon pine 8 

Juniperus spp. 92 
Slope position (%) 35 

Upper third 43 

Middle third 57 





' Small sample sizes for some variables due to low owl perch height and consequent inability to approach -losely for 


habrrat sampling without flushing the ow! 


during dispersal. Willey (1993) monitored seven 


dispersing juvenile owls in Utah. These juveniles 
apparently moved through a variety of habitat 
types, including several that migl.: generally be 
considered too open for use by spotted owls. 
None of these juveniles survived to reproduce. 
A. Hodgson and P. Stacey radio tagged five 
juveniles in the San Mateo Mountains, New 
Mexico (Upper Gila Mountains RU). Two 
juveniles apparently dispersed across open 
grassland to the Black Range, but their ultimate 


fate is not known (Peter Stacey, Univ. of Nevada, 


Reno, pers. comm.). Three other juveniles 
apparently remained in the San Mateo Moun- 
tains. No information is available on habitats 
used by these owls. 


ADDITIONAL STUDIES 
In addition to the above studies, two addi- 


tional studies are treated separately here because 
they cither were not specific to a single scale 


a12 
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(Johnson 1989, Dames and Moore 1990) or did 
not distinguish between site types (Dames and 
Moore 1990). Johnson (1989) compared habitat 
characteristics sampled at one roost and one nest 
site with characteristics sampled at 20 points 
within the same stand. Thus, this provides a 
comparison of site characteristics with overall 
characteristics of the surrounding stand. Mean 
tree height, overstory basal area, understory basal 
area, overstory density, and snag density were all 
greater at the roost and nest sites than in the 
surrounding stand. Despite the greater under- 
story basal area at roost and nest sites, understory 
density was greater within the stand, suggesting 
that the understory at the roost and nest sites 
contained fewer but larger trees (Johnson 
1989:12). Johnson (1989:14-15) further noted 
that the roost and nest sites ranked high (relative 
to the stand) for evenness indices for both tree 
species and diameter, and suggested that small- 
scale diversity may be an important factor in 








habitat selection by spotted owls (see also 
Johnson and Johnson 1988, Johnson 1990). 
Dames and Moore (1990) reported on 
habitat characteristics in areas occupied by 
Mexican Spotted Owls in Arizona and New 
Mexico (Upper Gila Mouriains and Basin and 
Range East-RUs). Sampling methods and 
sampled area differed between states (Dames and 
Moore 1990:10), and most of the area sampled 
was based on owl presence in the area, rather 
than on specific evidence of use by owls for 
either foraging, roosting, or nesting. Results of 
hypothesis tests regarding habitat characteristics 
in this study were inconclusive. In both states, 
the most consistent feature within and among 
areas sampled was variability (Dames and Moore 


1990: executive summary). 


CONCLUSIONS 
Habitat Relationships 


Several patterns are evident upon evaluation 
of current knowledge regarding habitat relation- 
ships of Mexican spotted owls. The first is that 
most information is limited to relatively fine 
spatial scales. For example, we have considerable 
information about roost and nest trees, and roost 
and nest sites, but have little information on 
stands used by owls, habitat composition of owl 
home ranges, or landscape configurations used 
by spotted owis. Second, most information on 
owl habitat use relates to the breeding season, 
and to habitats used for nesting and/or roosting. 
We know little about habitat use during winter 
or dispersal periods, or about what constitutes 
adequate foraging habitat. Third, most informa- 
tion on owl habitat use and selection comes 
from correlative studies that do not demonstrate 
cause-and-effect relationships. Fourth, our 
knowledge of owl habitat-use patterns comes 
from a very short time period (mainly 1984- 
present). 

All of these factors limit our ability to define 
what constitutes spotted owl habitat, or what 
desired future conditions should be for spotted 
owls. What we can do is describe features of 
breeding-season roosting and nesting habitat 
used by owls at this time. In most cases, histori- 
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cal information is not adequate to know whether 
currently-occupied sites were also occupied in 
the past, or to allow u« to draw conclusions 
about structural features of habitats used in the 
past. 

Spotted owls typically nest or roost either in 
deep, rocky canyons, or in any of several forest 
cover types. The relative use of canyons versus 
forests varies among regions. For example, owls 
in parts of the Colorado Plateau RU are found 
exclusively in deep, rocky canyons, whereas owls 
in many other RUs are found primarily in forests 
(although these forests are often in canyons). 

Where owls occur in forests, they typically 
select large, old trees for nesting. Nest and roost 
sites are found primarily in mixed-conifer forest 
(Table 4.1), although pine-oak forests are also 
used in some areas, such as parts of the Upper 
Gila Mountains, Basin and Range-West, and 
Sierra Madre Occidental-Norte RUs (Table 4.1; 
see also Ganey and Balda 1989a, Duncan and 
Taiz 1992, Ganey et al. 1992, Fletcher and 
Hollis 1994, Tarango et al. 1994, Seamans and 
Gutiérrez in press). Nest and roost sites typically 
contain structurally-complex, uneven-aged 
forests, with a variety of age- and/or size- classes, 
a large tree component, many snags and down 
logs, and relatively high basal area and canopy 
closure (Tables 4.6-4.11; see also SWCA 1992, 
Armstrong et al. 1994, Ganey and Balda 1994, 
Ruess 1995, Seamans and Gutiérrez in press). 
Diversity of tree species and diameters appears to 
be high in many owl nesting and roosting areas 
(Johnson and Johnson 1988, Johnson 1989, 
Johnson 1990, Seamans and Gutiérrez in press). 
Many roost and nest sites are found in canyon 
bottoms or low on canyon slopes (Table 4.11; 
see also Ganey and Balda 1989a, Fletcher and 
Hollis 1994, Tarango et al. 1994:36, Seamans 
and Gutiérrez in press). Many have a conspicu- 
ous broadleaved component, in the form of 
riparian trees or especially various oaks (Ganey 
and Balda 1989a, Duncan and Taiz 1992, Ganey 
et al. 1992, SWCA 1992, Tarango et al. 1994, 
Ruess 1995, Seamans and Gutiérrez in press). 

The reasons why spotted owls nest and roost 
in structurally-complex, diverse forests and deep 
canyons have not been conclusively demon- 
strated. Barrows (1981) suggested that owls seek 
dense forest stands as protection from high 


daytime temperatures. This explanation is 
attractive with respect to Mexican spotted owls, 
because the most apparent common denomina- 
tor between the types of forests and deep, rocky 
canyons used is that both situations provide cool 
microsites (Kertell 1977, Ganey et al. 1988, 
Ganey and Balda 1989a, Rinkevich 1991, Willey 
1993). Further, there is some evidence that, 
relative to the great horned owl, which is found 
in hotter and drier areas, the spotted owl has 
difficulty dissipating metabolic heat at high 
temperatures (Ganey et al. 1993). 

Carey (1985) and Gutiérrez (1985) also 
hypothesized that northern spotted owls might 
seck dense old, closed-canopy forests because 
such areas supported higher prey densities, or 
because the owls were better able to avoid 
predators in such areas. Present information, 
however, suggests that owls forage in a wider 
variety of forest types than are used for roosting 
(Ganey and Balda 1994, see also Ward and Block 
1995). Further, although owls in one study 
roosted primarily in unlogged mixed-conifer 
forests, they did not show a strong pattern of 
selection for such forests when foraging (Table 
4.4). This suggests that the association between 
spotted owls and mixed-conifer forest may be 
driven more by roosting and/or nesting behavior 
than by foraging behavior (Ganey and Balda 
1994). We currently have no information with 
which to test the hypothesis that spotted owls 
are better able to avoid predators in complex 
forests or deep, rocky canyons. 

In summary, at present we suspect that 
selection of typical nesting and roosting habitat 
is driven primarily by microclimatic consider- 
ations. Prey availability may also be an important 
consideration, however, and prey density in and 
around an area with microclimatic conditions 
typical of nest/roost habitat may determine 
whether or not that site is used by owls. Prey 
availability may also determine how large an area 
owls must use to meet their energetic needs 
(Carey et al. 1992, Verner et al. 1992, Zabel et 
al. 1995). However, we suspect that the primary 
factor limiting spotted owl distribution is the 
presence on the landscape of habitat suitable for 
roosting and nesting. 

In some areas, the types of forests used for 


roosting and nesting are primarily restricted to 
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canyon situations. This is particularly true at 
lower elevations, where mixed-conifer forest is 
generally found only in canyon bottoms or on 
north-facing canyon slopes. Thus, the distribu- 
tion of roosting and nesting habitat, and of 
spotted owls in these areas, is naturally frag- 
mented and discontinuous. Opportunities for 
increasing the amount of spotted owl habitat in 
such areas are limited, and management efforts 
would be better focused on preserving and 
enhancing habitat where it exists. Replacement 
habitat in such areas may need to develop im situ 
following stand-replacing disturbances. 

In other areas, such as high-clevation mixed- 
conifer forest, it may be possible to develop 
spotted owl habitat over more of the landscape. 
An example of such an area is the Sacramento 
Mountains (Lincoln National Forest, Basin and 
Range-East RU). Spotted owls are abundant and 
widely distributed in mixed-conifer forests across 
this range (Skaggs and Raitt 1988, Fletcher and 
Hollis 1994: fig. 24). Much of this area was 
subject to relatively intensive railroad logging 
early this century (Glover 1984), but these 
forests have recovered quickly and attained 
structural complexity (Table 4.8b), demonstrat- 
ing that development of replacement habitat is 
possible after management under some circum- 
stances. In areas such as this, managers might 
combine protection of existing habitat with 
attempts to develop replacement habitat over 
time, in a more dynamic approach to habitat 


management. 


Comparisons With Other Subspecies 
of Spotted Owls 


There are many similarities in habitat-use 
patterns of the three subspecies (northern, 
California, and Mexican) of spotted owls. For 
example, all three appear to be most common in 
structurally-complex forest environments, 
although floristic composition of habitats used 
varies both within and between subspecies 
ranges (for other subspecies see reviews in 
Thomas et al. 1990, Gutiérrez et al. 1992). Both 
the California (Gutiérrez et al. 1992) and Mexi- 
can subspecies most commonly nest in mixed- 


conifer forest, followed by forest types domi- 





nated by oaks or conifers and oaks. Both the 
California (Gutiérrez et al. 1992) and Mexican 
subspecies appear to use a wider variety of 
habitat conditions for foraging than for roosting 
geographic areas and habitat types further 
secking particular types of habitat features for 
nesting and roosting. 


Habitat Trends 


Because the listing of the owl was based 
partially on projected declines in owl habitat, it 
is worth discussing what we know about trends 
in owl habitat. The following discussion focuses 
separately on various habitat conditions used by 
spotted owls. It is largely restricted to trends in 
roosting and nesting habitat, because most of 
our information relates to such areas, and be- 
cause such habitat is thought to limit spotted 
owl distribution. Finally, because little historical 
information exists with respect to the type of 
microsite conditions that describe roosting and 
nesting habitat of spotted owls, this discussion is 
necessarily largely qualitative. 


Rocky Canyons 


Mexican spotted owls are found primarily in 
rocky canyons in parts of their range, such as 
southern Utah (Kertell 1977, Rinkevich 1991, 
Willey 1992, 1993, Utah Mexican spotted owl 
Technical Team 1994). In other areas, part of the 
population also inhabits rocky canyons, but 
these are generally more heavily forested than 
the slickrock canyons found in parts of the 
Colorado Plateau RU (Ganey and Balda 1989, 
USDA Forest Service 1993, Fletcher and Hollis 
1994). There is little evidence for change in 
habitat quality or loss of habitat in slickrock 
canyons. Canyon-bottom vegetation may have 
been degraded by grazing in some cases (see 
below), and some habitat may have been lost 
beneath large reservoirs along the Colorado 
River and its tributaries. The latter change could 
have decreased connectivity among remaining 
populations. Otherwise, we suspect that habitat 


Vohume 1/Chaprer 4 


275 35 


Mexcan Spomed Oud Recowery Plan 


trends are relatively stable in areas where owls are 


Riparian Forests 


Historically, owls were found in low-cleva- 
tion riparian forests (Bendire 1892, Phillips et al. 
1964, and possibly Woodhouse 1853). These 
forests have undergone extensive modification 
because of recreation, flood control, livestock 
grazing, and modification of natural water tables 
(Knopf et al. 1988; sce also Kennedy 1977, 
Kauffman and Krueger 1984, Minckley and 
Clark 1984, Skovlin 1984, Minckley and Rinne 
1985, Platts 1990, Schulz and Leininger 1990, 
Dick-Peddie 1993). Collectively, these activities 
composition and structure of riparian forests. In 
entirely. No breeding spotted owls have been 
documented in lowland riparian forests in recent 
times. Surveys of such habitat have been far from 
exhaustive, and owls may still inhabit some 
remnant riparian forests. Nevertheless, the 
overall trend with respect to spotted owls breed- 
ing in lowland riparian forest habitat has clearly 
been negative. 

Spotted owls also commonly occur in 
canyon-bottom riparian forests at higher eleva- 
tions, interspersed with other foresi types. In 
many cases these forests have also been degraded 
(Schulz and Leininger 1991, see also Fieischner 
1994). Management to retain and enhance these 
riparian forests would likely be beneficiai to 
spotted owls (as well as many other plants and 
animals). 


Coniferous Forests 


Trends in coniferous forests are more diffi- 
cult to evaluate. It is clear that changes have 
occurred in southwestern forests. These stem 
primarily from three sources: disruption of 
natural disturbance regimes, grazing, and timber 
harvest. Many decades of fire suppression have 
disrupted natural disturbance regimes (Cooper 
1960, Madany and West 1983, Stein 1988, 
Savage and Swetnam 1990, Covington and 
Moore 1992, 1994, Harrington and Sackett 
1992, Johnson 1995). The absence of frequent, 








overgrazing by livestock in the late 1800s, 
produced a good seedbed for conifer regenera- 
tion, and generally resulted in increases in tree 
densities on forestixd lands (Rummel 1951, 
Madany and West 1983, Zimmerman and 
Neuenschwander 1984, Stein 1988, Savage and 
Swetnam 1990, Covington and Moore 1992, 
1994, Harrington and Sackett 1992, Johason 
1995. Ruess 1995). Such increases in tree density 
can not only alter stand structure, but can also 
lead to declines in shade-intolerant tree species, 
type to another. For example, some ponderosa 
pine forests appear to be converting to mixed- 
conifer forest. 

Timber harvest in many areas has also altered 
stand structure and sometimes species composi- 
tion. Timber harvest can occur in different 
ent effects on stand structure. In many cases, 
however, the net effect of timber harvest is a 
decrease in old trees and at least a short-term 
decrease in tree density and basal area. In these 
respects timber harvest tends to work opposite 
the effects of disruptions in natural disturbance 
targets shade-ir solerame species, however, it 
could further the trend of ecological succession 
towards shade-tolerant species. 

The net effect of these processes on amount 
and quality of spotted ow! habitat is difficult to 
determine. USDI (1993:14251), citing Fletcher 
(1990), postulated that spotted owl habitat had 
decreased in amount due to timber harvest. 
Fletcher and Hollis (1994:29) estimated that 
1,068,500 ac of forested habitat in Arizona and 
New Mexico had been rendered unsuitable for 
spotted owls due to human activities, primarily 
timber harvest, through 1993. Conversely, Hull 
(1995:7) reported that “thousands of acres have 
converted from ponderosa pine to mixed- 
conifer,” and argued that the amount of Mexican 
spotted owl habitat had increased. For several 
reasons, we submit that cither viewpoint is 
difficult to substantiate with presently-available 
data. 
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First, the claim that thousands of acres of 
ponderosa pine have converted to mixed-conifer 
is unsubstantiated. Johnson (1995: fig.1) shows a 
lange increase in acreage of mixed-conifer in 
Arizona and New Mexico between 1966 and 
1986, based on forest inventories conducted in 
those years. Johnson (1995:1) also presents 
numbers suggesting that much of the increase in 
mixed-conifer forest is duc to invasion of mead- 
ows, rather than conversion of ponderosa pine 
forest. Further, this information is extrapolated 
(Choate 1966, Spencer 1966, Conner et al. 
1990, Van Hooser ct 21. 1993), and no informa- 
tion is provided on how that extrapolation was 
donc. Therefore, it is impossible to assess the 
accuracy of the figures presented. Methods and 
inventories. Referring to comparisons between 
the 1986 inventory and carlicr inventories, Van 
Hooser et al. (1993:1) state: “The changes in 
UNWISe. 

Second, the idea that all mixed-conifer forest 
is spotted owl habitat is not supported by the 
available data. As noted previously, owls roost 
and nest primarily in structurally-complex 
old trees. Recent invasion of meadows by mixed- 
conifer forest is unlikely to have created this type 
of habitat. If that process proceeds, however, it 
could create owl habitat in the future. 

Finally, most available data on historical 
forest structure and increases in forest density 
relate to ponderosa pine forest (USGS 1904, 
Woolsey 1911, Harrington and Sackett 1984, 
Covington and Moore 1992, 1994). As we have 
shown here, this forest type is not typically used 
for roosting and nesting by spotted owls. Data 
presented by Ruess (1995) suggest that similar 
changes have occurred in ponderosa pine- 
Gambel oak forest, which is used by spotted 
owls. No such data exist for mixed-conifer forest, 
however, which is the primary type used by 
nesting. It seems logical to assume that increases 
in density have also occurred within this forest 
type. Without quantitative data on changes in 
this forest type, however, determining whether 








or not such changes have been favorable to 
spotted owls is essentially impossible. 

In summary, conflicting speculation exists 
regarding tuends in spotte:! owl habitat in 
timber harvest has reduced the amount of owl 
pression has increased the amount of owl habi- 
tat. Data presented here suggest that spotted owl 
habitat is complex. The types of historical 
evidence available do not allow for any clear 
analysis of trends in such habitat. We recognize 
that we cannot return to the past to collect such 
inability to evaluate habitat trends strongly 
emphasizes the need for accurate and compre- 
hensive inventory and monitoring of forest 
resources, so that in the furure changes in forest 
habitat can be assessed over time. 


Research Considerations 


Clearly, much remains to be learned about 
Gutiérrez et al. (1992) outlined a number of 
research considerations relative to habitat rela- 
tionships of the California spotted owl. These 
are all relevant to the Mexican subspecies as well. 
ations here. 

Quantitative data on patterns of owl habitat 
use are largely or completely lacking for some 
geographic regions, habitat types, and spatial 
scales. Particularly striking is the lack of quanti- 
tative data on habitat relationships at the stand 
and landscape scales. Some estimates of habitat 
conditions measured on small plots, such as 
canopy closure, may not be representative of 
conditions at the stand scale. Further, many 
management actions are planned at a stand scale, 
and implementation of ecosystem management 
approaches will require more attention to habitat 
composition and pattern at the landscape scale. 
Thus, it seems critical to obtain better informa- 
tion at these (as well as other) scales. The Team's 
efforts to evaluate habitat use patterns at the 
landscape scale were frustrated by the lack of 
suitable GIS coverages. Development of such 
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Further, any credible attempts to monitor 
amounts of spotted owl habitat or trends in such 
scales, and better data on forest structure across 
the landscape. 

Most studies of habitat use-partterns have 
limits our ability to draw conclusions about 
habitat selection by Mexican spotted owls. 
Further, even where correlates ot owl occupancy 
not been linked to owl fitness. Demographic 
5 few areas. Far greater efforts will be required to 
obtain the data necessary to determine which 


In the meantime, forest management is 
ongoing, and we assume that this will continue. 
Although controlled experiments in forest 
provide a great opportunity to learn more about 
the response of spotted owls to habitat configu- 
rations at various scales. Experimental silvicul- 
tural prescriptions could be developed and 
applied, guided by current knowledge of habitat 
mented by studies of owl habitat in other areas 
and habitats, and at other scales. McKelvey and 
Weatherspoon (1992) provide an example of a 
conceptual approach to integrating silviculture 
with knowledge of stand structures used by 
spotted owls. 

Finally, little attention has been paid to the 
ecology and habitat relationships of the owl's 
principal prey species (but see Ward and Block 
1995), and to how forest management might 
influence population levels of these species. 
Management actions could indirectly affect 
spotted owls, either positively or negatively, 
through effects on their prey species. Therefore, 
these species should also be considered in future 
management planning and research activities. 
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CHAPTER 5: Mexican Spotted Owl Prey Ecology 
James P. Ward, Jr., and William M. Block 


In addition to shelter, water, and other 
requirements, habitat must also provide spotted 
owls with food. Certain trees within specific 
forest communities may meet nesting, roosting, 
and perching needs, but the tree component 
alone may not necessarily sustain the animal 
species upon which the owls prey. Conserving 
appropriate habitat for the owl includes conserv- 
ing habitat for a suite of prey species. 

The distribution and abundance of prey 
often influence the distribution, abundance, and 
reproduction of raptors (Newton 1979). In 
owls, reproductive success is often correlated 
with prey abundance (Craighead and Craighead 
1956, Southern 1970, Lundberg 1976, 
Wendland 1984, Korpimaki and Norrdahl 
1991). The postulated mechanism behind this 
relationship is energetically based. Male owls 
must provide enough food to their female mates 
during incubation and brooding to prevent 
abandonment of nests or young (Johnsgard 
1988). Accordingly, ecologists suspect that 
spotted owls select habitats partially because of 
the availability of prey (Carey 1985, Thomas et 
al. 1990, Verner et al. 1992). Understanding the 
natural history of the spotted owl's primary prey 
is vital information for the Recovery Plan be- 
cause it provides resource planners and managers 
with another tool for evaluating an area's ability 
to support spotted owls. 

This section summarizes information about 
spotted owl-prey relationships and the ecology of 
the owl's prey. Specifically, our objectives are to: 
(1) describe the diet of the Mexican spotted owl; 
(2) identify prey that may influence owl fitness; 
and (3) quantify habitat correlates of the owl's 
primary prey. 

Ideally, relationships among the Mexican 
spotted owl, its prey, and the prey’s habitat 
should be examined across different spatial and 
temporal scales. In reality, the available informa- 
tion permits only a limited view of the owl's prey 
ecology. For example, we could describe abun- 
dance and distribution of the owl's common 
prey among different vegetation communities, 
but could not provide a direct link between owl 
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habitat use and prey availability. Alchough the 
latter information is preferred for prioritizing 
habitat conservation, our approach relies upon 
conserving a general mixture of habitats for the 
owl and its prey throughout major portions of 
the owl's range. In time, information from more 
specific studies should be used to refine the 
general findings presented here. 


METHODS FOR 
DETERMINING OWL DIETS 


The dietary habits of raptors can be deter- 
mined both directly and indirectly. Observations 
of prey capture and of prey taken to roosts or 
nests provide direct evidence of a raptor's diet. 
However, such observations are difficult to 
obtain from nocturnal foragers like owls and 
offer little opportunity for quantitative analysis. 
Regurgitated pellets of undigested materials (fur, 
feathers, bones, chitinous exoskeletons) offer an 
indirect, alternative method for analyzing the 
feeding habits of owls (Errington 1930, Glading 
et al. 1943, Marti 1987). 

Spotted owl prey are identified by examining 
the contents of pellets collected below roosts and 
nests. Prey remains are identified to species, 
genus, or a less specific piey category and tallied. 
Diets are then quantified using two measures, 
relative frequency and percent biomass (Forsman 
et al. 1984, Marti 1987). Relative frequency of 
prey is expressed as the number of individual 
items of a given prey species or group divided by 
the total number of all individual items found in 
a sample. Biomass (g) is the total number of 
items of a given prey species or group multiplied 
by the average mass (g) for that species or group. 
Commonly, both relative frequency and biomass 
are expressed as percentages. Both measures can 
be used to compare owl diets among sampling 
units such as reproductive groups, locations, 
seasons, ond so on. The two measures provide 
different information. Measures of relative 
frequency indicate the proportion of each prey 
type in the owl's diet by number, whereas, 











percent biomass indicates the proportion of each 
prey type by weight. 

Pellets may provide biased measures of owl 
diets. Pellets are typically collected opportunisti- 
cally below roosting owls or from known roost 
groves, not randomly or systematically. The bias 
potentially resulting from nonrandom sampling 
could not be evaluated. We assumed that items 
found in pellets reflected the true proportions of 
prey species in owl diets. The methods we used 
to quantify Mexican spotted owl diet are compa- 
rable to other studies conducted on the northern 
and California subspecies (see reviews by Tho- 
mas et al. 1990 and Verner et al. 1992). Accord- 
ingly, we restricted analyses and inferences to 
relative comparisons. 

We compiled and analyzed prey remains of 
Mexican spotted owls as reported in 13 studies 
conducted since 1977 (Tables 5.1-5.6). A total 
of 11,164 prey items was examined. These data 
consisted of 25 data sets from 18 geographic 
areas throughout the owl's range, and included 
most published and unpublished information of 
Mexican spotted owl diet through 1993 (Tables 
5.1-5.6). Kertell (1977) was not used because of 
the small number of items reported. 

Each data set differed in the number of owls, 
years, and pellets examined. In some cases, the 
number of owls studied or pellets collected were 
not recorded. Thus, we could not use owls as the 
sampling unit or separate differences among owl 
territories in region-wide analyses. However, 
each data set contained a known number of 
identified prey items. For analysis, we treated 
each prey item as an observation and each data 
set as a dietary sample. Following this logic, the 
number of observations in a sample (i.¢., sample 
size) corresponds to the total number of prey 
items identified in each data set. We justified the 
use of prey items as an observational unit instead 
of pellets because a pellet is difficult to define 
(i.c., broken pellets are often collected or mul- 
tiple pellets are stored together and break apart 
during storage) and a single pellet may contain 
multiple prey items. Being an uncertain and 
inconsistent measure of sample size, no pellet 
total is given here. 

The methods used to identify remains and 
tally prey numbers followed Forsman et al. 
(1984). Samp'es abbreviated as CAPRF2, 
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ZION2, CANYL, BAR-M, MOGAZ2, 
COCODM, GILADM, and SACMT2 (see 
Tables 5.1-5.6 for acronym definition) were 
analyzed using standardized procedures de- 
scribed and implemented by DeRosier and Ward 
(1994) to facilitate comparison. According to 
both sources, remains were keyed to species 
when possible using skulls and appendicular 
skeletal parts. Specialists were consulted to 
identify less common or unusual remains, 
particularly bats, birds, reptiles, and inverte- 
brates. 

Deviations from our standard identification 
procedures were necessary for the SCCOL 
sample where invertebrate parts were not identi- 
fied (Charles Johnson, Rocky Mountain Re- 
search Station, Fort Collins, CO, pers. comm.), 
and in the ZION 1 sample where appendicular 
parts were not used to tally prey (Sarah 
Rinkevich, FWS, Albuquerque, NM, pers. 
comm.). 

Owl diets were quantified using relative 
frequency and percent biomass for 11 prey 
groups: woodrats, white-footed (peromyscid) 
mice, voles, pocket gophers, rabbits, bats, other 
or unidentified small mammals (mostly murids), 
other or unidentified medium mammals (mostly 
sciurids), birds, reptiles, and arthropods (Tables 
5.1-5.6). We use the term peromyscid mice here 
in place of white-footed mice to represent the 
approximate 15 North American species of the 
genus Peromyscus. Confusion sometimes follows 
discussion of white-footed mice because this is 
also the common name for ?. leucopus. 

Several sources were used to estimate prey 
mass (Appendix 5a). Biomass estimates given by 
the original authors were retained unless better 
estimates were available. Estimates of prey mass 
from areas nearest to where pellets were collected 
were used whenever possible. In the absence of 
better data, general references for mass were 
used. Averages, weighted according to propor- 
tions of species in owl diets, were used to esti- 


mate biomass for less specific taxa such as 
“woodrat species” or “unidentified bat.” 











Table 5.1. Relative frequency of prey items found in the diet of Mexican spotted owls occurring in the northern portion of the subspecies’ range. Values 
were calculated from totals pooled across owl territories and years. 





Colorado Plateau Mtn. Mrn. 








CAPRF! CAPRF2 ZION! ZION2 CANYL MESAV BLACK SOCO NNMEX 
Capnol Capnol Canvon- Mesa Black Southern Northern 
Reet NP Reet NI Zion NP Zion N P lands N_P Verde NP Mesa Colorado New Mexico 
Prey Group iv”~ 1991-92 1989-91 1991-93 (1992-93) (1991-92) 1984-90 1991-93 1985-91) 
Woodrats 72.4% do 8% 61 5% 40 8% 26.5% 58.4% 57 4% 18 6% 32.9% 
Peromysard mace 15.2% 49. "% 12.3% 13.2% 35.1% 27 0% 236% 38 F% 20.3% 
Voles 0 0% 00% 0 0% 0 0% 0.4% 2.2% 2.2% 24.7% 8 2% 
Pocket gophers 0.0% 0.0% 0 0% 0 0% 0.0% 0.0% 34% 07% 3.1% 
Rabbits 0.0% 0% 0 0% 1 3% 0.0% 11% 1.1% 10% 50% 
Bats 1 0% 8 5% 1 2% 0.0% 12.3% 2.2% 22% 3.3% 3.6% 
Other Sm Mammals 0.0% 20% 0.0% 6 6% 4.5% 5.6% --* 76% 14% 
Other Md Mammals 0 0% 2 6% 0 0% 19 7% 9 0% 0 0% 5.6% 0.3% 4 8% 
Birds 0 0% 1 9% 00% 0 0% 22% 2.2% 11% 47% 11.4% 
Reptiles 0.0% 1 3% 0 0% 0.0% 26% 1.1% 0.0% 0.0% 0.2% 
Arthropods 11.4% 72% 25.0% 18 4% 7.9% _ 3 4% , 10 % 
Total 100 0% 100 0% 100 0% 100 0% 100.0% 100 0% 9 8% 100 0% 100 0% 
Number Years | 2 3 ; 2 2 1-7 3 1-7 
Masmum Pairs Unknown ! ms | 1 2 Unknown ? Unknown 
Items yr! 45 69 6 165 49 8 
Irems_yr2 108 0 61 103 40 133 
lrems_yr3 183 9 70 
Items _yr4 
lrems_yrS 
lrems 105 153 252 ao 268 a9 89 1 99 
Source Wagner Willey Runkevich Wiles Willey Johnson & (Ganev Johnson & Ren henbacher 
et al Unpubl 1991 Unput Unpubl Revnolds 1992 Revnolds & Duncan 
198? Data Data Data Unpub! Data Unpubl Data Unpubl Rep 
(Yther omall anemals were not separated from medium sired mammals mm thes study 


Arthropods were not talhed on ches studs q 55S 





Table 5.2. Relative frequency of prey items found in the diet of Mexican spotted owls occurring in the central portion of the subspecies’ range. Values 
were calculated from totals across owl territories and years. 








Upper Gila Mountains 
Upper Gila Mountains (Arizona) (New Mexico) 
WALCAN SANFRP WHIMTN MOGAZ!I BAR-M COCODM MOGAZ2 MOGNM SWNM _ GILADM 
Northern & Vou 
Walnur San Fran Whaure Central Northern Northern Magollon Rum Central T ularosa Southwest 
( anvon Peaks Mountains Anzona Arizona Arizona Arizona New Mexico Mountains New Menuso 
Prey Group 194 WH 1964 90 1984-90) (1985-91 1989-93) (1991-93) (1991-93 (1985-91) (1991-93 (1985-91) 
Woodrans 331% 18 5% 17 8% 53 8% 92% 98% 21.5% 4% 7% 14 9% 
Peromysad mue % 330% 20 4% 3.6% 35.7% 34.3% 22.7% 20 0% 20 2% 42 6% 
Voles 14% 27 2% 7 o* 53% 1% 5.4% 8 8% 20 0% 18% 10 8% 
Pocket gophers 6 0% $1% +7! 350% 44% 50% 31% 00% 26% 19% 
Rabbits s4% 11% $1% 78% 1 3% 0 4% 23% 5.7% 26% 1 7% 
Bats 17% 0 0% 0 0% 19% o™ 05% 00% 2% 16 7% 10% 
Other Sm. Mammals 1% 30% 96% 55% 2% 35% 41% 
Orber Md Mammals 30% 59% 5™ 5% 64% 7% 13.0% 2% 1 8% 7 7% 
Burds 29% 29% 58% 11.1% 4 9% 46% 3.1% & 6% 70% 4 0% 
Reptiles 0% 0 0% 0 0% 0 0% 0 0% 0.1% 0.3% 00% 0% 0 0% 
Arthropods 46% 91% 48% 26.3% 33.9% 24.5% 16.7% 2% 12% 117% 
Total 100) (7% 100 2% 100 0% 100 0% 100 0% 100 0% 100 0% 106 0% 100 0% 100 0 
Number Years ‘ 5 1.7 1-7 5 5 3 1-7 1.7 ; 
Masimum Pairs ; ? i Unknown 7 29 42 Unknown Unknown 7 
Ieems_yrl 13 264 ” 05S 
leems_ yr? 6” 73 191 5% 
leems_yr3 ‘4! 6&2 68 S17 
Items wr4 413 
leemes_yr5 &4 
lrems "1 1% $7 %61 1118 1319 asa 45 1l4 1358 
Source Caney Caney Caney Res hentia her Bink & OMsen & USDA For Rewhen Rew hen Seaman: 
” , 1992 & Duncan Caney (uteérrer Ser bacher & hacher & ‘ 
( nputh Res publ | npubdl \ npubl Dromean Dun an Guteerrer 
Data Dara Dara | npubl rape nputy 
Rep Rep Data 





* OWher small anemab were not separated trom medrwm sized mammals in thes study 











Table 5.3. Relative frequency of prey items found in the dict of Mexican spotted owls occurring in the southern portion of the subspecies’ range. Values 
were calculated from totals pooled across owl territories and years. 

















Sierra Madre 
SARIZ1 SARIZ2 HAUCH SACMT! SACMT? CHIHMX 
Southeast Southeast Huachuca Sacramento Sacraments San Juanno 
Arnzoma Arwzoma Mountains Mountain: Mountain: Creel 
Prey Group 1984-90 1985-91 1%” 1985.91 1991-95 1992-95 
Woodrats 224% 31 6% a7 4% 16 5% 62% 10 6% 
Peromysad mace 48 8% 1% 42 9% 10 8% 40 5% 38 0% 
Voles 0 0% 0 0% 0 0% 531% 19 8% 0m 
Pocket gophers 05% 24% 0 0% $0” 49% oon 
Rabbits 20% 21 11% & 6% 4% 0m 
Bars 5.9% 4.9% 12 1% 46% 0 6% 22% 
Other Sm. Mammals 1 9% 0 0% 22% 30% 2™ 
Other Md Mammals 3.5% 0 4% 0 0% on™ 6 22% 
Birds 7 9% 14.2% 5 9% 9 4% 48% 62% 
Reptiles 4.9% 0 4% 11% 0 0» 0 0% 00% 
Arthropods 16 4% 13.9% 0 0% 10 1% 11 4% “4% 
Total 100 0% 10) 0% 100 (% 100 0% 100 0% 100 % 
Number Years 4.7 1.7 ! 1.7 ; 2 
Maaemum Pairs 10 Unknown ! 0 a9 ® 
lrems yr! Sia 
lrems_yr2 14 
leems_yr3 avs 
Items _yr4 
leems_yr5 
Items 201 (vty 9! 199 715 226 
Source Ganey 199) Ren hen Duncan Ren hen Vade a | arenes 
bacher & A Snyder hae § npott (dara 1 
— 1990) Drwincan 
repute ( mpeste 
Rey Rey 
(Other emall anemal not separated from medium sired marmal on the study 
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Table 5.4. Percent of prey biomass in the diet of Mexican spotted owls occurring in the norther portion of the subspecies’ range. Values were calculated 
from totals pooled across owl territories and years. 

















Colorado Plateau Colorado New Mexico 
CAPRF! CAPRF2 ZION! ZION2 CANYL MESAV BLACK sOoco NNMEX 
Prey Croup ( agetes ( apetal Canvon Mens Rae Southern Northern 
Rect NI Rei NP Zan NP Zan NP lands NP Verde NP Mens ( shen ade Now Meanie 
~~ 1991 92 1989 9) 1991-95 (1992-95 1991 92 (1984 (1991-95 (1983-91 
Woodras “Se oO “es 3% 7s ~~ 1% wer o™/™ 
Peromynod mur 14% net 1% 1 140% 62% 4am s0% so 
Votes OO, 0% oom 0m o™ 1% o™ 7” ™ 2 
Pex ber gophers 0% 00% oom oom 0% 0om% 32% 1% 41% 
Babbin 0 5% oom ‘os om 11% 3™/ 6 ™ 722.9% 
Bars om 1% om oom 1% om o™ om 0 6* 
Orher Se Mammals 0% my 00% 1% 1% »” —* 4a% om 
Onber Md Maremals 00% ae 00% “ % 1% 00% 4m om 7 
Birds oo 1@% 0% 0om 7™ 2™ Ooo +™/ 10 1% 
Repriles 00, 0% 00% 00% om 04% oom 0o% 00% 
Arrhroperds om om 6% 6% om P om 4 om 
Tosal 100 0% 100 0% 100 0% 100 0% 100 0 100 0% "2% 100 0% 100 0% 
Number Years | 2 5 5 2 2 1.7 5 1.7 
Mearmum Pass Urb my ! ‘ ! j 2 | nhac n ? Unkow nm 
leeene_ yr! 4 6 6 165 ” oo” 
heems_ yr? 18 “0 61 103 a 133 
lrems wr’ 158 ) i) 
hremmes_yré 
leemee oS 
leeans Los $4 ) % ie ®9 ww) ome 
Gousce & gn © iliey Bamkes ich Whey Wi lies lednaeen Ganey 1992 lone & Rew henba 
oa 1% nperw |e greats | rps ‘ Beverertts cher & 
Chars hers Drees Bey meds Unper. Dawe an 
| rgredbl Daca  rapresbol 
Craea Rep 





( teher con all amemmabs were rer separ are 1 trom mmedrwem sozed marmwenal om ches creds 
Arrbereypends were mow tabled om ches cred } % 4 











Table 5.5. Percent of prey biomass in the dict of Mexican spotted owls occurring in the central portion of the subspecies’ range. Values were calculated 
from totals pooled across owl territories and years. 








WALCAN SANFRP WHIMTN MOGAZ1 BAR M COCODM MOGAZ2 MOCGNM SWNM GILADM 
Vew 
Viainw San Fran Wher ‘Northern & Neowthern Seorthern Mogedioe Ram Cenval Seouthe rer T ularone 
( anv Peaks Mewwintasn: Cenwal Anaone Arvaeme Aenea Arvzeme Nee Menno Nerw Meas on Morwntaens 
Prey Group (1984-99) (1984 9, (1984 90) (1985-91) (1989-99) (1991-23 (1991-95) (1985-91 (1985-91) (1991 99) 
T cnr ats 0 0% 1% Mm +4 4% “um “™ a2™% “rm Se am 
Peromysncd mur 17% 12% 60% 0#% 15.2% 15% 6™ ™ 6™ 12% 
Votes 45% 10% 16 1% 1% om 1% sm 54% 0% +m” 
Pecker gophers 61% 91% 7™ 36% 6% 12% ™ o™ ™ 21% 
Ruabebrers 2% 6™% 4% uo 142% a 10 0% mI “mm 7™ 
Bars 02% 0 0% 00% om om om 00% om tam om 
Ortber Sen Mammals , , 4 om” 1% so 1™% o™ 02% 1% 
Over Md Mammals 2% 4% 60% a om mn ™ 78 0% sm 4m 24a 
Bur ds 19% 51% 51% 9 0% sm 7™% sm sa £e% 4m 
Reprries 0 0% 0 0% 0 0% 0 0% 00% 00% om 0 0% om 0 0% 
Arthropods om om 01% om 04% 0 6% 02% 0% om 02% 
Teta! 100 0% 100 0% 100 1% 100 0% 100) 0% 100 0% 100) 0% 100 0% 100 0% 100 0% 
Number Years 4 ’ 1.7 17 5 5 ‘ L’ 1-7 5 
Maaem om Pars 5 ? 1 (nb mewn ? Pa] a2 | phew | known x” 
leemme_ yr! 15 be ary wes 
leems yr? 6” 573 191 5% 
heems_yr3 S4) “™) os bd 
leeme_yr4 “5 
heemme_ yr'5 he 
lrems "1 2% 187 %! ie 19 85 > 14 ioe 
Seurce Caney (ane Canes Ren hen Penh & Wee & STA Fer Rew her Ren her Seamans & 
1992 1992 1992 ache: & Caney (pea verewy Ser | mpresbl hehe & hacher & (ene ower 
Dream an publ Unpebl Dore Cees Drerme cor Creme an | mpestol 
Lmpel Rep (hae (pei Rey Lnpebl Rep rae 





Other semall anemals were mor separated fromm mmediur) ze i mammal on this study 











Table 5.6. Percent of prey biomass in the diet of Mexican spotted owls occurring in the southern portion of the subspecies’ range. Values were calculated 


from totals pooled across owl territories and years. 














Sierra Madre 
Basin and Range - West Basin and Range - East Occidental - Norte 

SARIZ1 SARIZ2 HAUCH SACMTI SACMT2 CHIHMX 

Southeast Southeast Huachuca Sacramento Sacramento Mountains San Juanito 

Anzoma Arona Mountains Mountains 1991-93) Creel 
Prey Group 1984 9 (1985-91 1987 1985-91 1992-93 
Woodrats 57 7% 57 3% 72 6% 26.1% 20.1% 46 (7% 
Peromysad mace 14 3% 9.0% 6 6% 2 8% 12.0% 16 9% 
Voles 00% 0 0% 5.3% 9 7% 12.1% 0 4% 
Pocket gophers 0.9% 3.9% 0 4% 7.1% 48% 10 0% 
Rabbits 11.9% 11.7% 0 9% 41.9% 26 0% 16 1% 
Bats 1 9% 0 8% 0.3% 0 6% 0.2% 0 6% 
Other Sm. Mammals 0% 01% 02% 16% 0 6% 
Other Md. Mammals 4 9% 1.7% 0 4% 14% 19.3% 8 1% 
Birds 7 7% 15.2% 1 8% 10 0% 3 8% &O% 
Reptiles 0.9% 0.1% 0 3% 00% 0 0% 0 0% 
Astuupods 0% 0.1% 0 0% 01% 0.3% 07% 
Total 100 0% 100.1% 100 0% 100 0% 100.2% 100 0% 
Number Years 1.7 1-7 1.7 3 2 
Maximum Pairs 10 | 0 a9 8 
Items _yr! 514 
Items_yr2 326 
Irems_yr3 as 
Items yr4 
Irems_yrS 201 668 9) 139 1715 2% 
Source Ganey Reschenbacher Duncan Ren henbaher Ward aa Tarvango 

1992 & Duncan & Snvder & Duncan Unpub! 1994 
Unpubl Rep 1990 Unpubl Rep Data 





Other small anemals were not separated from medium sized mammals on this study a IO 











GENERAL FOOD HABITS 


The Mexican spotted owl eats a variety of 
animals throughout its range but usually takes 
small and medium-sized mammals (Table 5.7). 
As a group, mammals are taken more frequently 
(x = 82.1%; cv = 13.3%; m = 25 data sets) than 
birds (x = 4.8%; cv = 78.4%; m = 25), reptiles 
(x = 0.5%; cv = 192.5%; m = 25) or arthropods 
(x = 12.6%; cv = 79.0%, n = 23). Arthropods 
could be present in the owl's diet because these 
items were eaten by the owl's prey prior to 
capture. Mammal use is even greater when 
biomass is considered (X = 95.8%, & = 3.9% for 
birds, X = 0.1% for reptiles, and X = 0.2% for 
arthropods). A cumulative plot of diet frequen- 
cies (Figure 5.1a) indicates that 90% of an 
“average” Mexican spotted owl dict would 
contain 30% woodrats; 28% peromyscid mice; 

1 3% arthropods; 9% microtine voles; 5% birds; 
and 4% medium-sized rodents, mostly diurnal 
sciurids. A cumulative plot of diet biomass 
(Figure 5. 1b) indicates that, on average, 90% of 
a Mexican spotted owl diet is comprised of 53% 
woodrats; 13% -abbits; 9% peromyscid mice; 
9% birds; and 6% medium-sized mammals such 
as diurnal sciurids. These rangewide patterns, 
however, are not consistent among RUs. 

To evaluate geographic variation of Mexican 
spotted owl food habits, we examined diet data 
by recovery unit. Frequencies of prey were 
treated as binomial, either the prey species being 
compared was consumed during a successful 
foraging event or some other species was con- 
sumed. We transformed these data for paramet- 
ric analyses using an arcsine-squareroot cransfor- 
mation (Freeman and Tukey 1950) and tested 
the hypothesis of no difference in dicts among 
RUs using a one-way analysis of variance 
(ANOVA). A Tukey's test was used to conduct 
multiple comparisons among RUs when the 
ANOVA was significant. We conducted the tests 
for each of the 11 prey groups separately. We did 
not conduct an ANOVA on percent biomass 
estimates because these data were comprised of 
both frequency and prey mass, and our estimates 
of mass for prey were not significantly different 
among RUs except for voles (F = 4.4, df. « 6, 
15, P = 0.009). Thus, prey mass would have 
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been roughly equivalent among RUs and com- 
parisons of percent biomass would have been 
equivalent to those of relative frequency. 

Our analyses indicated significant differences 
in Mexican spotted owl diets among geographic 
location (Figure 5.2). Woodrats were taken more 
often in the Colorado Plateau compared to the 
Upper Gila Mountains and Sierra Madre 
Occidentalis - Norte (F = 4.6, d.f. = 6, 18, 

P = 0.005; Figure 5.2a). Voles were consumed 
more frequently by owls in the Basin and 

Range - East, Southern Rocky Mountains - 
Colorado, and Upper Gila Mountains RUs than 
in the Colorado Plateau and Basin and 

Range - West RUs (F = 8.3, df. = 6, 18, 

P < 0.001; Figure 5.2a). Pocket gophers were 
eaten more often in the Upper Gila Mountains 
compared to the Colorado Plateau (F = 4.5, 

d.f. = 6, 18, P = 0.006; Figure 5.2c); and birds 
were consumed more often by owls in the 
Southern Rocky Mountains - New Mexico, 
Basin and Range - West, and Upper Gila Moun- 
tains RUs than in the Colorado Plateau (F = 5.8, 
d.f. = 6, 18, P = 0.002; Figure 5.2d). Bats and 
reptiles were consumed more frequently in the 
Basin and Range - West RU compared to the 
Upper Gila Mountains RU (F = 2.9, df. = 6, 18, 
P = 0.038; Figure 5.2¢ and F = 3.3, df. = 6, 18, 
P = 0.024; Figure 5.2f, respectively). Of the five 
groups that did not differ significantly among 
RUs (peromyscid mice, rabbits, other small 
mammals, other medium mammals, and 
arthropods), only peromyscid mice ( = 27.2%, 
cv = 42% among units) and arthropods (£ = 
13.8%, cv = 70%) were frequent food items. 

Interregional trends in prey consumption 
could be attributed to other factors like temporal 
variation in the owl's diet within each study area, 
ot because the breeding status of owls differed 
among studies. Diet frequencies from each study 
were pooled across years and owl pairs regardless 
of reproductive status because this information 
was upavailable in most cases. However, the year 
in which diet samples were collected and the 
reproductive success of a sufficient number of 
owls were known for three studies (SACMT2, 
GILAQM, COCODM). These three data sets 
were collected from two of the RUs, Basin and 
Range - East (SACMT2; Tables 5.3 and 5.6) and 
Upper Gila Mountains (GILADM, COCODM; 
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Table 5.7. Animal species consumed by Mexican spotted owls as determined from examination of 


25 data sets collected from 18 geographic 


areas. 





MAMMALS 


Insectivora 

Desert shrew Netesorex crawford: 
Vagrant shrew Sorex nagrans 
Dusky shrew Sercx monticolus 
Mernam s shrew Sorex merniami 
LDwart shrew Sorex manus 
Arwona shrew Sorex artzonac 


= — 
Silver-hauwed bat Lassomycterts noctrvagans 
Hoary bat Laver cmerces 
Big brown bat frascmas 
American tree-tasled bat Tadanda brasshenss 
Bag tree-tatled bat Jadarsda macrotis 
Calitorna myotns Myers californicus 
Fringed myotrs Myers thysanodes 
Yurna myotes Myets yurmancniss 
Arvena myotrn Mypets eccultws 
Southwestern arvotes Myotis auricles 
Long-cared myots Myets crete 
Cave myotrs Myets velifer 
- ne bat Fuderma maculatum 

‘estern puprstrelle Pipsstrelle hesperus 
Townsend s big-cared bat Plecotus townsendu 


Carnivora 
Long tailed weasel Mustela frenata 
Short-tatled weasel Mustela erminca 


s floridanus 
5 califormicus 


Eastern cottontasl Splev 


Black-tasled yack rabbu 


Rodentia 
Ord's kangaroo rat Dipodomys ordi 
Pocket mouse /rrognathws sp 


Botta s pocket gopher 7homomys 
Northern pocket gopher Thomomys talpordes 
Southern pocket gopher Thomomys umbrinus 


Gray-tooted chipmunk Jasmias canipes 
Least cupmunk Jamas minimus 
Rock squirrel Spermophilus narregatus 
Thirteen-lined 
Red tree squirrel Tarmascrurus budsonicus 
Southern flying squirrel Glaucomys rvolans 

Abert s squirrel Scrwrms abert: 

Western harvest mo ise Reithredontomys megalotss 
Dect mouse J’erenmryscus maniculatus 

Brush mouse /"eromryscus boylt: 

Rock mouse Peromyscus difficeles 

Mexnan woodrat Neotoma mexicana 

White throated woodrat Neotoma albrgula 

Bushy -tasled woodrat Neotema cinerea 

Desert woodrat Neotoma leprda 

Yellow-nosed cotton rat Sigmodon ochroganthus 


Mexican vole Mocrotus mexicanus 

Long-tailed vole Mocrotus longrcaudus 

Meadow vole Microtus pennsylvanicus 

Montain vole Microtus montanus 

Mountain phenacomys Phenacomys mtermedius 
House mouse Mus musculus 
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ound squirrel S. tradecemlinecatus 
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BIRDS 


Galliformes 
Montezuma quail Cyrtonyx montezumac 


Serini 
ee se y-owl Glaucidium gnoma 


Northern Saw-whet owl us acadicus 
Flammulated owl Orus flammeolus 
Elf owl Micrathene whitney: 


ste-throated swift Acronautes saxatalss 


Piciformes 


Williamson's sapsucker Sphyrapicus thyrondews 
Northern flicker Colaptes auratus 


Passeriformes 

Pinyon yay Gymnorhinus cyanocephalus 
Steller's pay Cpamocitta odie 

Gray jay Perwsoreus canadensis 
Gray-breasted jay 

R -sided towhee 
Black-headed grosbeak Pheucticus melanocephalus 
Hepatic tanager Piranga flava 

Western tanager Prranga ludowciana 

American robin Turdus migratorius 

Hermit thrush Catharw guttatus 

Painted redstart, Mysoborus pictus 

Cowbird Molothrus sp. 

Pine siskin Carduelss pinus 

Warbling vireo Vireo gilous 

White-throated sparrow Zonotricha albicolls 


Finch Carpodacus sp 


REPTILES 


Short-horned lizard Phyrnosoma douglass: 
Mountain spiny lizard Sceloporus parrot 


ARTHROPODS 


Sox Veyonts sp 

Beetle Onzabus sp 

Pronus beetle Preomus heronus 
Pine-boring beetthe Ergates sprculatus 
Pine scarab beetle /*ussotes ter 
Oak scarab beetle Plussotes beyers 
Rhinoceros beetle Dynastes trtyns 
Long-horned beetle Devebrackas 
Dark june beetle Diplotaxts 


» 


sawyer beetle M. mus sp 
Line june beetle =p 
New Mexican cricket Stracoceles neomexicana 
Potato bug frsous 
Field cricke sp. 
Orchard cicad. »~ 
Owlet moth N. 
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Figure 5.1. Cumulative distributions of prey in the diet of Mexican spotted owls presented as (a) 
relative frequency (%) of items and (b) percent biomass. Values are averages across 25 data sets con- 
ducted throughout the owl's range and dashed lines are 95% confidence limits. Prey groups are 
WRAT-woodrats; MICE-peromyscid mice; ARTH-arthropods; VOLE-voles; BIRD-birds;s OMMM.- 
other medium-sized mammals; BATS-bats; OSMM-other small-sized mammals; RABB-rabbits; 
GOPH-gophers; REPT -reptiles. 
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Figure 5.2. Geographic variability in the food habits of Mexican spotted owls presented as relative 
frequencies of (a) woodrats, (b) voles, (c) gophers, (d) birds, (e) bats, and (f) reptiles. Point values are 
from single studies or averages among the number of data sets shown in parenthesis. Vertical bars are 
95% confidence intervals showing sampling and inter-data set variation wichin a recovery unit. Recov- 
ery Unit acronyms are COPLAT-Colorado Plateau; SRM-CO-Southern Rocky Mountains - Colo- 
rado; SRM-NM-Southern Rocky Mountains - New Mexico; UPGIL-Upper Gila Mountains; BAR-W- 
Basin and Range - West; BAR-E-Basin and Range - East; and SMO-N-Sierra Madre Occidental - 
Norte. 
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Tables 5.2 and 5.5). Owl reproductive success 
was determined similarly in all three studies 
using methods described by Forsman (1983). We 
used data from these studies to evaluate the 
influence of geography, time, and owl reproduc- 
tive status on the interregional trends in the owl's 
diet. 

To quantify the effect of these three factors, 
we analyzed the differences in relative frequency 
of a given prey group in the owl's dict among 
study area (SACMT2, COCODM, or 
GILADM,; geographic variation), year (1991- 
1993; temporal variation), and number of owl 
young produced (0, 1, 2, or 3; variation in owl 
reproductive status) using a three-factor 
ANOVA. Prey groups that were common to 
owls in any of the three study areas were ana- 
lyzed separately (woodrats, peromyscid mice, 
voles, pocket gophers, rabbits, other medium- 
sized mammals, and arthropods). We define 
common prey arbitrarily as those species contrib- 
uting >10% of diet frequency or biomass, which 
includes the majority of species identified in the 
90% cumulative averages (Figure 5.1). Statistical 
significance of each factor was used to quantify 
the importance of these factors in determining 
regional diet trends. 

In 3 of 7 tests, consumption of common 
prey varied primarily by geographic location 
(Table 5.8). In the other 4 tests, consumption of 
woodrats, peromyscid mice, medium-sized 
mammals, and arthropods was influenced by an 
interaction between geographic location and 
year. However, significance values indicated that 
the consumption of woodrats and arthropods 
was influenced more by the owls location than 
the particular year (Table 5.8). Prevalence of 
geographic variation in the three-factor ANOVA 
results supports our claims that the owl's feeding 
habitats differ among regions, as discussed above 
(Figure 5.2). 

Diet differences of the Mexican spotted owl 
likely result from a combination of habitat 
differences among RUs for both the owl and its 
prey (See Zoogeography and Macrohabitats of 
Common Prey). Landscape approaches to 
management that maintain conditions for 
common prey of any predator are assumed to 
have beneficial effects (Reynolds et al. 1992). 


However, the reliability of such conservation 
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strategies must be firmly based on ecological 
links among prey, predator, and environmental 
conditions. Thus, it is crucial to consider rela- 
tionships among prey abundance and persistence 
of owl populations, and among prey abundance, 
availability, and habitat conditions. 


RELATIVE IMPORTANCE 
OF PREY 


Prey that positively influences owl survival, 
reproduction, or numbers may increase the 
likelihood of persistence of Mexican spotted owl 
populations. Although no information is avail- 
able to quantify effects of food on spotted owl 
survival and density, previous studies have 
examined correlates between this owl's diet and 
reproduction. For example, Barrows (1987) 
suggested that larger prey (¢.g., woodrats) was 
taken in greater frequency by owls with young. 
Thrailkill and Bias (1989) reported a similar 
pattern for California spotted owls occurring in 
the central Sierra Nevada. In contrast, Ward 
(1990) observed a different pattern for northern 
spotted owls in northwestern California. He 
found that large prey was taken in relatively 
equal frequency by breeding and nonbreeding 
owls, presumably because woodrats were a 
common food resource for owls regardless of 
breeding status. These different results may 
reflect variation in prey availability, sampling 
bias and variation, temporal variation, or true 
regional differences in owl diets. 

To evaluate if any particular prey group 
could increase persistence of the Mexican 
spotted owl, we analyzed owl reproductive 
success (average number of young fledged) as a 
function of diet, year, and geographic location 
using a three-factor ANOVA. This approach 
would allow us to quantify variation in owl 
reproduction that could be attributed to the 
frequency of a particular prey in the owl's dict. 

. reproduction related to consumption 
frequency of a given prey group would imply a 
relative importance of that prey. In using this 
approach, we further assumed that prey species 
that were positively related to reproduction also 
enhanced the owl's survival. 








a 


Table 5.8. Factors influencing trends observed in Mexican spotted owl diets. Data are from three studies conducted in northern Arizona, the Sacra- 
mento Mountains, New Mexico, and the Tularosa Mountains, New Mexico, during breeding seasons of 1991, 1992, and 1993. 











Woodrats Peromyscid Mice Voles Pocket Gophers 
Source of Variation (F dfi, df2 P (F fi, df2 P) (F dfi, df P (FF dl, dQ P 
Main effects $625 7 88 0 000 $512 7 Ss 0 000 10 041 7s 0 000 1 ees - 0 081 
Study area 11.599 2.8 0 000 6 ws 2. 8 0005 125 se 0 0060 40” Le 0 008 
Year 6 040 2. 88 0003 sm 2. 8 0001 5210 as 0045 0626 oe os$a7 
No of owl young 2140 5, os 0101 41 5. 0 009 0 484 se 06% 1526 5. oe 0215 
Two-way interactions 145! 16, 88 01%” 18% 16.88 003! 0722 16, 8 0 1132 46.88 0 340 
Area x vear 28% 4.8 oo28 5.492 +e 0011 1 ons aes ou ons 4. e8 0 48) 
Area x young 1 461 6, 88 0201 0216 6. ee ov 1 0.535 as 0-80 ore as 2) Be 
Year x young 2166 6, 88 00% 0895 6. 88 0 304 0715 ee 06M 1.165 LL 0265 
Three-way interactions 
Area x vear * young 1.760 9. 68 on 1.109 9. 8 0 465 04” 9. 68 0916 ee 6, oe4 
Explained 2451 32, 88 0 001 146 42.88 0 000 2679 432.88 0 000 118 42.88 0265 
Residual 
(Mean square. df) 0014 a8 0035 as 007s Li) 0012 ae 
Total 
0019 120 0049 120 007,” 120 0012 120 


(Mean square, df) 
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Table 5.8. (continued) 








Rabbits Other Medrum Mammals Arthropods 
Source of Variation F afi. af? P f afi, af2 Py iF afi. a2 P 
Maun cflects abe = 6 006 on = 6 410 as? - 0 0 
Study arca iw 1 6 006 ole es 0 865 4 tlm, Le 0015 
Year 1255 Le” © 2% i“ _- e177 + 900 .- 0024 
No. of owl young tile in OMe 1o oe os73 4 m9 oo 00% 
Two-way interactions 1 162 16. 66 0 si4 ise 6, 000% 2146) = 64 0015 
Arca t veat 18-4 4. 6122 4670 ue ow) i. +. 6015 
Arca « young 056 6. 68 092" os - o753 1281 6. 08 0274 
Year « young 1152 6. 0 1 o6°3 oe 0671 16 owe 0143 
Three-way interactions 
Arca & veat & young 099 9. on." oss” _- 0 4a29 1 7” 0140 
Faplained 167? - aos 1373 ‘= oow 7% 2. 0 006 
Residual 
Mean square af 6 OOF he 0 020 as 00% ae 
Total 
0010 10 002% -, 0 043 120 


Mean square, df) 








This analysis was conducted by stratifying 
and comparing variation in the number of 
young owls produced among three study arcas 
(SACMT2, COCODM, GILADM), three 
different breeding scasons (1991-1993), and 
three amounts of prey consumption, low 
(< 33%), high (266%), or medium. Seven prey 
groups were examined in separate ANOVAs to 


weve included as blocking factors to account fo 
edly seslid nasintnn Ta thee alc rabtadeciion, 
respectively. This analysis differed from the 3- 
factor ANOVA used to examine geographic 
variation in the owl's dict where number of 
young was treated as a predictor variable rather 
than a response. 

Results from cach ANOVA suggested that 
the owl’s reproductive success was not influenced 
by a single prey species but rather by many 
species in combination. None of the specific 
examined sepacately (Table 5.9). Time was a 
significant facior influencing the owl's reproduc- 
tion (Table 5.9) when consumption of woodrats 
ot voles was examined. Prey abundance is known 
to fluctuate through time. Thus, effects attrib- 
uted to temporal variation may also represent 
associated changes in prey populations. How- 
ever, it is more likely that the owl's reproductive 
success was influenced by total prey biomass 
consumed in a given year, rather than by a single 
the three most common prey groups, woodrats, 
peromyscid mice and voles were combined and 
analyzed, diet was a nearly significant predictor 
of the owl's reproductive success (F « 2.930, 
df. « 2, 98, 2 = 0.058). More owl young were 
produced when mode: ate to high amounts of 
these common prey were consumed in all three 
study areas (Figure 5.3). 

Contrary to the above results, certain prey 
species may be more important in certain 
regions of the owl's range. For example, other 
information from Ward et al. (unpublished) 
suggests that reproductive success of Mexican 
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spotted owls in the Sacramento Mountains may 
increase when decr mice populations irrupt. In 
1991, deer mouse biomass averaged 0.911 kg/ha 
in mixed-conifer forests (Figure 5.4a) and the 
number of young produced corresponded to the 
number of peromyscid mice consumed (Figure 
5.4b). In 1992 and 1993, owl reproductive 
success decreased corresponding with a reduction 
in deer mouse abundance and the frequency of 
peromyscid mice consumed by owls (Figure 
5.4c). Reproduction among owls dwelling in 
stecp-walled canyons of the Colorado Platcau 
these owls consume a greater number of 
woodrats compared to other localities (Table 
5.1). These results may be exceptions, as most of 


OF COMMON PREY 


As detailed earlier, Mexican spotted owls use 
a variety of prey. Species regarded as “common” 
are those comprising 210% of the owl dict by 
relative frequency or biomass within a given RU. 
Prey commonly consumed by the owl varies 
geographically (Table 5.10). This geographic 
variation can be attributed to two primary 
factors: the geographic range of the prey and the 
degree of sympatry in macrohabitats of the owl 
and its prey. Below, we provide an overview of 
basic macrohabitat associations of common owl 
prey. 


MAMMALS 
Bats 


As a group, bats are common prey in por- 
tions of the Colorado Plateau, Upper Gila 
Mountains, and Basin and Range - West RUs 
and they are consumed occasionally by owls in 
all RUs. If taken from outside roosts or nursery 
colonies, bats may represent a low-cost, opportu- 
species appears to be used in great abundance; 
but when considered as a group, the importance 








Table 5.9. Factors influencing production of Mexican spotted owls in northern Arizona, the Sacramento Mountains, New Mexico, and the Tularosa 
Mountains, New Mexico, during 1991, 1992, and 1993. Consumption of common prey was categorized according to the frequency of that prey in the 
owls dict; low (<33%), medium (33% - 65.9%), and high (2 G6%). Higher onder interactions of cflects were nonsignificant (/ > 5.05) in tests on 
peromyscid mice or could not be quantified in tests with other prey because of limited sample sizes. 








il 


Woodrats Peromyscid Mice Voles Pocket Gophers 

Source of Variation F di, diz P) (F fi, a2 P (F di, di? ie F di, a2 P 
Main effects 1472 «$195 © 204 in 66.8 0.106 1416) «68,095 O19 1Si S095 04 

Study areca 02% 2115 0770 oom 862M 0%” oo = 21n 0995 OMS 2.115 - 

Year sary) 2405 0 Oe i482 0249 $865 2.115 60'4 25% 2.115 0 Obs 

Prev COnSUIptIOn 2140 «1,115 61% 2719 2. oo} 22773 — 4 ts 019s 1062 1,115 0 1 
Explained 1472 $015 0 04 om 22% 0 482 1$14 «($195 01 13a $495 0 64 
Residual 
(Mean square, df) il meh 1195 1110 118 1499 11s 
Total 

1135 120 1133 120 1.433 120 1.133 120 


(Mean square, df) 
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Table 5.9. (continued) 





Rabbits Other Medium Mammals Arthropods 





Source of Variation F fi. df? P F afi, df P F df. df P 
Main effects L207) «64,115 0310 1793) «68,115 oz? | oe 6.114 0152 
Study area 0177 2,195 oss orm 2.115 0820 0249 2114 6 "80 
Year 774 = ES 10%” 20 0 0=—l ia}. 115 0055 sc >? 114 0 0S9 
Prey ( onsuMpuon >| 1.135 0 446 ow 15:5 04520 0M 2.114 ois 


Explained 1207 «4,195 0.310 1293 $195 0272 16 6.114 0.152 


Residual 
(Mean square dt 


1124 115 liz 115 1 100 li 


Totai 
Mean square, di 


1.133 120 11535 120 1155 120 
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Figure 5.3. Reproductive success (mean number of young produced) as a function of low (<33%), 
medium (33-65.9%), or high (2 66%) consumption of woodrats, peromyscid mice, and voles, by 
Mexican spotted owls occurring in the Sacramento Mountains, New Mexico, northern Arizona, and 
Tularosa Mountains, New Mexico. Vertical bars are standard errors. Number of owl territories is 


shown in parentheses. 
2 1991 


g Produced 


No. Owl Youn 


LOW MED HIGH 


i | 


Frequency of Common Prey in Diet 


of bats to the owl may be considerable (Tables 
5.7 and 5.10). 

Bats occupy many macrohabitats, ranging 
from arid shrublands to spruce-fir forest. In 


particular, rock crevices and tree snags are 


commonly used for roosting and raising young. 


These microhabitat components often occur in 
habitats used by Mexican spotted owls for 
roosting and nesting. 


Rabbits 


Cottontail rabbits are common prey accord- 


ing to diet biomass for all RUs except in the 
Colorado Plateau (Table 5.10). Rabbits can 
provide a great amount (50 to 400 g; 
1.8-14.1 02) of food per captured individual. 
Desert and eastern cottontails are more com- 
monly associated with xeric vegetation types 
such as pinyon-juniper and oak woodlands, 
although Ward (personal observation) has 
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observed eastern cottontails within mixed- 
conifer forests of the Sacramento Mountains, 
New Mexico. Only scant information describes 
the specific habitat associations of cottontails in 
New Mexico. Hoffmeister (1986) notes that in 
Arizona both desert and eastern cottontails 
inhabit pinyon-juniper, whereas castern cotton- 
tails also use oak woodland. Typically, these 
habitats are relatively open with a well developed 
grass understory. In contrast, Nuttall’s cotton- 
tails are found in more mesic grassy or rocky 
areas near pine, pine-oak, mixed-conifer, and 
spruce-fir forests in the northern portion of the 
owl's range. 


Pocket Gophers 


Pocket gophers are common prey within the 
Basin and Range - West and Upper Gila Moun- 
tains RUs. Pocket gophers typically inhabit 
meadows and meadow edges, although they also 
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Figure 5.4. Biomass (kg/ha) ot (a) common prey occurring in mixed-coniter forests. (b) trequenc ICS 
of peromyscid mice consumed by Mexican spotted owls stratified by number of ow! young produced. 
and (c) av erage (t95% Cl) number of ow! young produced in the Sacramento Mountains, New 


Mexico (Ward et al unpublished). Bars in (b) represent variation among owl pairs (standard errors) 
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Table 5.10. Prey comprising 210% of relative frequency (X) or biomass (O) in the diet of Mexican spotted owls. 








Prey Group Colorado Southern Rocky Southern Rocky Upper Gila Basin & Basin & Sierra Madre 
Plateau Mountains - Mountains - Mountains Range- West Range - East Occidental - Norte 
Colorado New Mexico 
Bats x x x 
Rabbits oO oO Oo O O oO oO 
Pocket Gophers O oO 
Peromyscid Mice 
Deer mouse x oO x oO xX x O x O x O x O 
Brush mouse x © x oO xX x O x O x O 
( anvon mouse s 
W oodrats 
\lexnxan woodrat x oO x oO x O x O x oO x O x O 
Bushy tailed woodrat xX () xX () xX 3) 
Desert woodrat x oO xX Oo 
Whoete throated woodrat x Oo x O 
Voles 
Mexcan vole x oO x O » O 
\lountain vole x oO x O 
Meadow vole x Oo x O 
| ong tailed vole x Oo x O x O 
Birds x O xX x O 0 
Arthropods Xx " & Xx xX X x 





Ow! diets classified to prev genera likely unchude this specees based on ts distributron 
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occur within woodlands and forests. Botta’s 
southern pocket gopher occur within the range 
of the Mexican spotted owl. Botta’s pocket 
gopher is the most widespread, being found in 
most vegetation types. The northern pocket 
gopher occurs in montane habitats of the north- 
ern part of the owls range. The southern pocket 
gopher is found in Basin and Range - West and 
Mexican RUs. Both Hoffmeister (1986) and 
Findley et al. (1975) noted that Bottas pocket 
gopher is ubiquitous whenever soil is suitable for 
burrowing, whereas the northern pocket gopher 
is more typically found in parks and meadows 
within montane forests. Findley et al. (1975) 
stated that the southern pocket gopher inhabits 
shallow, rocky soils of pine forests. 


Peromyscid Mice 


Eight peromyscid mice occur within the 
range of the Mexican spotted owl. Only two 
species, the deer mouse and brush mouse are 
consumed regularly by owls in all RUs (Table 
5.10). A third species, the canyon mouse, is 
likely consumed by owls dwelling in the Colo- 
rado Plateau RU and the rock mouse has been 
reported in the dict of owls occurring in the 
Basin and Range - East RU (Table 5.7). 

The deer mouse is widespread, inhabiting all 
vegetation types except high-clevation tundra 
(Bailey 1931, Hall and Kelson 1959, Armstrong 
1977, Goodwin and Hungerford 1979). High 
reproductive success of spotted owls in the 
Sacramento Mountains, New Mexico, (Basin 
and Range - East RU) has been recorded during 
irruptions of deer mice in mixed-conifer forests 
(See Abundance and Distribution of Common 
Prey, Sacramento Mountains). 

More restricted in distribution, the brush 
mouse typically inhabits areas with extensive 
rock and shrub cover in pinyon-juniper, riparian, 
oak, and pine-oak woodlands (Wilson 1968, 
Armstrong 1979, Svoboda et al. 1988). 
Goodwin and Hungerford (1979) found that 
brush mice inhabit rocky slopes in central 
Arizona's pine-oak forests, but rarely use pure 
stands of pine. 

The canyon mouse occupies the canyon 


walls, clifts, and steep rocky slopes of northern 
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Arizona, Utah, northwestern New Mexico, and 
western Colorado (Armstrong 1979, Johnson 
and Armstrong 1987). Findley et al. (1975) 
reported that the canyon mouse is often found 
in pinyon-juniper woodlands at the base of cliffs, 
although Johnson and Armstrong (1987) noted 
that vegetation associations are of limited impor- 
tance relative to the presence of suitable rocky 
substrates. 

The rock mouse is found in association with 
rocky substrates generally above 1,900 m (6,230 
ft) elevation (Findley ct al. 1975, Cornely et al. 
1981). This species occurs in most of the United 
States portion of the owl's range and is often 
sympatric with deer mice and brush mice (Wil- 
son 1968, Cornely et al. 1981, Ribble and 
Samson 1987). 


Woodrats 


Mexican, bushy-tailed, desert, and white- 
throated woodrats are consumed by Mexican 
spotted owls. For the owl, woodrats provide a 
large mass of food per capture. This prey is a 
primary food source for owls through most of its 
range but particularly in the canyon habitats of 
the Colorado Plateau RU, where all four species 
of woodrats are sometimes found (Table 5.10). 

The Mexican woodrat is perhaps the most 
common woodrat found within the range of the 
Mexican spotted owl. It occurs within all RUs, 
although populations are disjunct because of the 
species montane distribution (Cornely and 
Baker 1986). The altitudinal range of the Mexi- 
can woodrat begins in the lower pine zone and 
extends upward through mixed-conifer forests 
where Findley et al. (1975) reported they reach 
their greatest abundance. Hoffmeister (1986; see 
also Goodwin and Hungerford 1979) regarded 
Mexican woodrats as rock dwellers within these 
vegetation types, infrequently extending into 
pinyon-juniper woodlands. Armstrong (1972), 
however, reported that this species typically uses 
pinyon-juniper woodland in western Colorado 
and scrub-like oaks and mountain mahogany 
vegetation along the eastern foothills northwards 
almost to Wyoming. The range of Mexican 
woodrats in Utah is restricted to the southeastern 
portion of the state, cast of the Colorado River. 











Presumably, the species uses similar habitats in 
Utah as it does in western Colorado. 

Bushy-tailed woodrats are a common dict 
component within the Colorado Plateau and 
both Southern Rocky Mountain RUs. This 
species is a cordilleran mammal of western 
Colorado, northcentral and northwestern New 
(Durrant 1952, Hoffmeister 1986, Findley et al. 
1975, Armstrong 1972, 1979). Finley (1958) 
reported that bushy-tailed woodrats use a variety 
of vegetation types, primarily woodland and 
shrublands. Their distribution may depend on 
the presence of suitable rock outcrops rather 
than specific vegetation (Finley 1958, 
Hoffmeister 1986). At higher elevations, these 
outcrops interrupt open forests of Douglas-fir, 
aspen, or ponderosa pine containing a well- 
developed shrub understory. Typically, lower 
elevation sites are dominated by pinyon and 
juniper. 

The desert woodrat is consumed by owls in 
the Colorado Plateau RU. This species is most 
abundant in the Arizona strip where it inhabits a 
variety of plant communities including creosote 
bush and cacti to junipers and pine (Hoffmeister 
1986). Desert woodrats frequently nest in 
crevices of cliffs and rock outcrops within 
juniper or shadscale plant communities of Utah 
and Colorado, below 2,000 m (6,560 ft) eleva- 
tion (Finley 1958). 

White-throated woodrats are common prey 
of owls occurring in the Upper Gila Mountains 
and Basin and Range - West RUs and are less 
frequently consumed by owls in other RUs. This 
woodrat species is typically distributed below the 
conifer belt, although it can be found in pinyon- 
juniper woodlands (Hoffmeister 1986). 


Voles 


Four species of voles are common prey of the 
Mexican spotted owl including the Mexican (or 
Mogollon vole \after Frey and LaRue 1993)), 
mountain, meadow, and long-tailed voles (Table 
5.10). Three of these species can be ordered 
along an environmental moisture gradient from 
semi-arid (Mexican vole), mesic (mountain 


vole), to hydric (meadow vole). Long-tailed voles 
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inhabit environments along the entire gradient 
(Getz 1985). 

The Mexican vole is common within the 
greatest number of RUs, including Basin and 
Range - East, Southern Rocky Moursains - New 
Mexico, and Upper Gila Mountairs RUs. It is 
fairly widely distributed in Arizona and New 
Mexico, but it is confined to the southeast part 
of Utah and to southwest Colorado. This 
species occurs in the widest range of habitats of 
any microtine and is generally associated with 
juniper to spruce-fir zones (Armstrong 1972, 
Findley and Jones 1962, Findley et al. 1975, 
Finley et al. 1986, Hoffmeister 1986, Frey and 
LaRue 1993). 

The two species associated with wet condi- 
tions (mountain and meadow voles) generally 
occur in the northern portion of the owl's range. 
Mountain voles are common prey in the Colo- 
rado Plateau and both Southern Rocky Moun- 
tain RUs. In these areas, the mountain vole 
occupies forest meadows ranging in elevation 
from open pine-oak to spruce-fir forests. 
Armstrong (1977) found mountain voles in 
dense grass cover with a sparse overstory. This 
vole's geographic range includes most montane 
regions along the north-south axes of Colorado 
and Utah, northern New Mexico, and the White 
Mountains in Arizona. Meadow voles occur in 
both Southern Rocky Mountains RUs where 
permanent water is provided by springs and 
marshes (Armstrong 1972, Findley et al. 1975, 
Finley et al. 1986). 

The long-tailed vole occurs within the 
Southern Rocky Mountains - New Mexico, 
Upper Gila Mountains, and Basin and Range - 
East RUs. Findley et al. (1975) reported that it is 
associated with meadows and forest edge, being 
most common in the mixed-conifer and spruce- 
fir zones but also using mixed-conifer stringers 
found along canyons in the ponderosa pine zone. 
Armstrong (1972, 1977) noted that this 
microtine requires a grassy understory less than 
other vole species because it is often found 
within forests supporting minimal grass cover. 











Birds 


Birds are common prey for the owls in the 
Southern Rocky Mountains - New Mexico, 
Upper Gila Mountains, and Basin and 
Range - West RUs where numerous species have 
been identified in pellets (Table 5.7). The 
importance of birds to spotted owls is uncertain. 
Birds do contribute to the diversity of prey taken 
by owls and may provide food resources when 
small mammals are less abundant. However, use 
of birds as prey is likely seasonal because many of 
the passerine species consumed by owls are 
migratory. All species identified in the owls’ dict 
to date are forest dwellers. 


Arthropods 


Arthropods are common prey of spotted 
owls in the Colorado Plateau, Southern Rocky 


Mountains - Colorado, Southern Rocky Moun- 
tains - New Mexico, and Upper Gila Mountains 
RUs. Many species are consumed (Table 5.7). 
The importance of arthropods to spotted owls is 
also uncertain. If one considers biomass alonc, 
arthropods contribute little to the owl's dict. 
However, arthropods may provide a low cost, 
high quality food taken opportunistically. 
Description of macrohabitats of arthropods 
consumed by spotted owls is beyond the scope 
of this document. Active management of arthro- 
pod populations for owl recovery is probably not 


necessary. 


ABUNDANCE AND 
DISTRIBUTION OF 
COMMON PREY 


The availability of prey to Mexican spotted 
owls depends on prey ab: indance, the vulnerabil- 
ity of the prey to capture by the owl, and the 
probability that the owl and its prey occur in the 
same habitat. All of these factors vary by habitat 
condition. In addition, the amount of energy 
available to the ow! will vary according to the 
type, size, and condition of the prey. Thus, it is 
useful to convert prey wumbers into values that 
reflect energy input. Because rodents are the 
most common prey of the spotted owl, we 
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assume that most of the difference in energy 
content among mammalian prey can be aturib- 
uted to body mass. 

Although no information exists on the 
vulnerability of different prey species to capture 
by Mexican spotted owls, estimates of common 
prey abundance and mass within several different 
vegetation communities are available from 
research conducted in northern Arizona (Block 
and Gancy, unpublished) and the Sacramento 
Mountains, New Mexico (Ward et al., unpub- 
lished). These rwo studies provide estimates of 
biomass and microhabitat associations (See Prey 
Habitat) for the owl's common prey in four 
different vegetation communities used by owls 
for foraging, ponderosa pine-Gambel oak, 
mixed-conifer, high-clevation meadows, and 
ponderosa pine-pinyon-juniper woodlands. The 
methods and results of both studies are briefly 
described below. 


Northern Arizona 
Methods 


Small mammal populations were sampled 
using live-trapping and mark-recapture tech- 
niques from November 1990 through December 
1992 within home ranges of five owl pairs. The 
purpose of the sampling was to estimate biomass 
of the owl's common prey and determine the 
preys distribution. Common prey were deter- 
mined from owl pellets collected during this 
study. 

The study area consisted of ponderosa pine- 
Gambel oak forest, although cach trapping grid 
was unique with respect to the relative composi- 
tion and structure of the vegetation. Ancillary 
trapping was conducted within the winter range 
of two owls that migrated downward to pinyon- 
juniper woodland in the Verde Valley. This 
trapping was confined to five sets of smaller 
trapping grids (described below) for a total of 
574 trap nights. 

Trapping grids were randomly established at 
general foraging areas identified by radio telem- 
etry (Ganey and Block, unpublished data). Traps 
were arrayed in 10 x 10 of 2 x 10 grids with 
20-m (65.5 ft) spacings between stations. The 





larger grids w.re used to estimate both density 
and habitat correlates; the smaller grids were 
used only to assess habitat use by species (see 
Prey Habitat). Large Sherman live traps (size 

8 x 9x 23 cm [3 x 3.5 x9 in)) were placed at 
(se 10 x 18 x 60 cm (4.x 4.5 x 15 in) were 
placed at alternate stations. Two sizes of traps 
were used to minimize the potential bias against 
capturing larger prey such as woodrats in the 
smaller traps. 

Grids were trapped from 3-7 nights during 
cach trapping session. Traps were left open 
goal was to continue trapping until 90% of all 
captures were recaptures to approach assump- 
tions of population closure. This goal was 
typically reached between five and seven nights. 
During periods of inclement weather, however, 
we relaxed this goal to minimize trapping 
mortalities. Each grid was trapped for 5-7 
sessions during the study. Total trapping effort 
was 49,911 trapnights (adjusted for closed and 
unoccupied, or otherwise unavailable traps). 
When an animal was captured, it was identified 
to species, weighed, and marked by toe clipping. 

Abundance was estimated as the number of 
individuals per effective sampling area (ha) using 
closed population estimators (Program CAP- 
TURE; Otis et al. 1978, White et al. 1982). 
Although the number of individuals captured at 
some grids during some seasons was insufficient 
the closed population estimators in Program 
CAPTURE more appropriate than minimum 
numbers alive per grid area. The former permit- 
ted estimating capture probabilities and sam- 
pling variances plus population size; the latter 
would not. 

Biomass of common prey, expressed as 
kilograms per hectare (kg/ha), was calculated as a 
product of prey density and average mass. The 
delta method (Goodman 1960) was used to 
estimate the sampling variance of biomass from 
the variances associated with sampling prey 
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General Distribution 


The three primary prey species captured in 
ponderosa pine-Gambel oak forests were deer 
mouse, brush mouse, and Mexican woodrat. 
with the greatest relative frequency in pinyon- 
saiuple prey species such as pocket gophers, 
tured in sufficient numbers to permit density 
calculations or estimates of habitat correlates. 


Population Abundance 


The deer mouse was the most abundant 
species captured, followed by the brush mouse 
and Mexican woodrat. A seasonal trend of 
decreased prey biomass during winter was noted 
(Figure 5.5a). Prey abundance and biomass also 
varied by year (Figure 5.5a) and among owl 
territories (Block and Gancy, unpublished data). 


Sacramento Mountains 
Methods 


The Sacramento Mountains are located in 
the abundance and distributicn of common 
mammalian prey began in 1991 and is ongoing 
(Ward et al., unpublished data). Common prey 
during this study. Abundance was estimated 
among three general vegetation communities 


were a mixture of Douglas-fir, white fir, south- 
Englemann spruce (i.c., mixed conifer). Mead- 
ows consisted of forbs and grasses and were 
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Figure 5.5 Average biomass of common prey (ke ha) of the Mexican spotted owl in (a) pune 
(,armbel oak habitats of northern Aripona (Block and Caney unpublished data) and (b) om three hab: 
tats of the Sacramento Mountains. New Mexico. Vertical bars are standard errors. Lower horizontal 


bars on (b) separate sampling error trom errors associated with variation among sites Number of sites 


within each habitat are shown in pare nthesis 








associated with drainage bottoms adjacent to 


The same two sizes of live-traps described for 


the northern Arizona study were used to capture 
prey im the Sacramento Mountains. Traps were 
exceptions. In 1991, four 13-ha (32.1-ac) 
trapping grids were established as part of a pilot 
study. Two grids were placed in the mesic forest 
and two in the ucric forest. In 1992 and subse- 
quent years, six 4-ha (9.9-ac) trapping grids were 
placed in cach of the mesic and xcric forest 
types. Traps were arrayed as i] . °! station pricts 
In addition, six 1.8-ha (4.5-ac) grids were 
established in meadows. Each of the lamer grids 
consisted of 105 large Sherman traps spaced 

15 m (49.2 ft) apart im a 5 x 21 array. 

All grid sites were selected randomly from a 
list of known Mexican spotted owl territories. 
Grids were placed as close to a nest of roost area 
as possible while maintaining homogeneity at a 
scale analogous to a forest stund. In addition, 
cach grid was $0.8 km (0.5 mi) from a nest of 
roost to ensure that the site was available for use 
by spotted owls. 
uniquely numbered car tags in both cars. Loss of 
both tags during an cight-night trapping sexsion 


was less than 1% for all marked species. All other 


methods of sampling and data collection were 
similar to the study in northern Arizona (Block 
and Caney, unpublished data). We therefore 
considered the results of both studies to be 
compara'vle. Prey abundance and biomass were 
estimated using the same procedures described 
for the northern Arizona study. Tests for spatial 
and tempora differences in prey biomass were 
conducted using a two-factor ANOVA. 


General Distribution 


Common prey included woodrats, 
peromyscid mice, voles, arthropods, cortontail 
rabbits, and other medrum-sized mammals such 
as long-tailed weasels, tod squirrels, and chip- 
munks (Tables 5.5 and 5 6). Cottontails and 
other medium-sized mam nals were consumed 
infrequently but larger estiraates of mass from a 
few individuals resulted in Larger biomass calou- 
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lations from these prey groups. However, the 
exact sizes of consumed individuals were unde- 
termined and the range of mass for larger prey 
consumed by owls could have been considerable. 
For example, the size of a comontail taken by a 
spotted owl could range 50 to 400 ¢ (1.8-14.1 
oz) whereas a peromyscid mouse could range 10 
to 40 g (0.4 to 1.4 a7). This potentially results in 
upwardly biased estumates of biomass for Larger 
species in the owls dict. For this reason, we aie 
uncertain about the role of corontails and other 
medium-sired prey as common food resources 
11.4% of the dict bur were not considered 
energetically important because of thew small 
mass (1-2 g [0.04-0.07 o7)). 

Five species common in the owl's dict were 
captured regularly during live trapping The 
distribunion of cach species varned by vegetation 
community. Deer mice were found in all three 
communities. Brush mice were restricted to the 
tailed voles and Mexican voles were more com- 
quently im xeric forests. Mexican woodrats 
occupied mesic forests and the ecotone between 
these forests and meadows, as well as xeric 
forests. Medium-sized mammals such as the 
gray-footed chipmunk were found in mesic 
forests, the edges berween mesic forests and 
meadows, and rarely in xeric forests. Corrontail 
in mesic forests. However, our sampling proce- 
and distribution of these species and of 
arthropods. 


Population Abundance 


Total biomass (kg/ha) of five common prey 
(Figure 5.Sb) varied annually over the three 
summers 1991-1993 (F « 12.7, df « 2, 32, 

P < 0.001) and also seasonally during the sum- 
mer-fall-winter period of 1993-1994 (F « 17.0, 
df. « 2, 21, 2 < 0.001). Pluctuarivns in prey 
biomass also vaned by vegetation community 
during both annual (F « 5.5, df. « 2, 32, 








P = 0.009) and scas~zal cycles (F = 5.8, df = 2, 
21, P = 0.010). The general r---d was that prey 
(when owls feed their young) of 199!, peaking 
in 1992, then decreasing to moderate levels in 

' 993 (Figure 5.5b). Further, temporal trends 
decreased in mesic forests and meadows over 
consecutive summers but increased then de- 
(Figure 5.5b). This relationship was evident by a 
community and year on prey biomass (F « 3.3, 
df. = 3, 32, P = 0.032). Whereas prey biomass 
pooled across all communities decreased from 
the summer to fall of 1993 before increasing 
slightly in the winter (Figure 5.5b), seasonal 
trends differed among communities (F « 17.0, 
df. « 2,21, P< 0,001). These patterns also 
showed an interactive influence of season and 
vegetation community on prey ‘iomass (F « 3.0, 
df. « 2,21, P= 0.044). Thus, abundance of 
potential food resources for the Mexican spotted 
owl in the Sacramento Mountains are tempo- 

The variations in total prey biomass were 
also reflected in the population dynamics of 
different species (Figure 5.Ga). For example, deer 
mice densities within mesic forests peaked in the 
summer of 1991 and declined through the 
summer of 1993 while maintaining low densities 
in the meadows (Figure 5.66). Deer mice in 
densicies chet peshed in summer of 1992 (Figuee 
5.6c). In contrast, Mexican voles maintained 
low, stable populatior - in the mesic forests but 
increased dramatically in meadows and moder- 
ately in xeric forests in the summer of 1992 
summer of 1993 (Figure 5.6). 

In summmary, the two studies indicate that 
the owl's food resources are quite variable among 
vegetation communities and through time. 
Arranging the four vegetation communities 
examined in these two studies in descending 
amount of summer prey biomass indicates that 
meadows > mixed-conifer forest > ponderosa 
pine-pinyon-juniper-oak woodlands > ponderosa 
other factors that influence the availability of 
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prey, mixed-conifer forests likely provide the 
greatest amount of food during summer penods. 
Rearranging the same communitics according to 
winter prey biomass indicates that meadows > 
ponderosa pine-pinyon-juniper-cak woodlands > 
ponderosa pine-Gambel oak forest > mixed- 
prey, woodlands with a mixture of ponderosa 
prey to owls during winter months than the 
peaks of prey cycles are not correlated among 
these communities. That is, when prey are 
abundant in mixed-conifer forest one year and 
low a subsequent yeat, an opposite pattern may 
occur in a different vegetation community. The 
asynchrony of abundance among prey species, 


vegetation communities, and time may provide a 
buffer against the effects of extreme oscillanon in 


Results of both sradies also showed that the 
owl's food is most abundant during the summer 
when young are being raised. Dec <ases in prey 
Seasonal decreases, like these, are typical of small 
tions for fluctuations in small mammal popula- 
random patterns in population data, weather 
age-related effects on demographic processes 
(e.g. fecundity, dispersal; see reviews by Conley 
and Nichols 1978, Finerty 1980). 

Although the reasons for seasonal declines in 
prey and their ramifications on the owl have not 
the owl. For example, Hirons (1985) has shown 
that large body reserves of fat and protein are 
populations during winter and carly spring 
decrease the rate of nest abandonment (Hirons 
1985). 

Obviously, there will be little recourse for 
enhancing prey populations if factors like pre- 
cipitation, temperature, or amount of snow 
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Figure 5.6. Trends in average density (no./ha) of common prey of the Mexican spotted owl in (a) 
mixed-coniter forest, (b) montane meadows, and (c) ponderosa pine-pinyon-juniper-oak woodlands, 
Sacramento Mountains, New Mexico. Summer (1992-93) values are based on 6 spatial replicates; 
summer (1991), fall, and winter values are based on 2 replicates 
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cover are the major causes of decline in prey 
populations. The degree to which habitat ma- 
nipulation can ameliorate against weather effects 
or enhance prey availability requires investiga- 
tion and is encouraged. Successful manipulation 
may provide a potent tool for recovering Mexi- 
can spotted owls or other predators in the future. 


PREY HABITAT 


Ensuring adequate food for the owl requires 
conserving and possibly restoring habitat of the 
owl's prey. Ideally, to succeed, those features of 
the environment that consistently cause increases 
in abundance and availability of desired prey 
species should be identified. In reality, few 
habitat studies are so revealing or precise (sec 
Verner et al. 1986). However, habitat studies 
often do identify patterns and descriptive corre- 
lates of animal distribution or abundance. 
Although crude, this type of information fre- 
quently is all that is available for predicting the 
outcome of planning decisions or management 
prescriptions. 

In the absence of cause-effect relationships 
among the owl's prey and its habitat, we present 
habitat correlates for the distribution of several 
common prey species. This information was 
determined from the same studies of prey 
abundance conducted in northern Arizona 
(Block and Ganey, unpublished data) and the 
Sacramento Mountains (Ward et al., unpub- 
lished data). 


Northern Arizona - Pine-oak Forest 
Field Methods and Statistical Analyses 


Habitat-sampling plots were established as a 
5-m [16.5-ft) radius centered at each trapping 
station (7 = 1,260). Cover by grass, forbs, rock, 
dead woody debris of three size classes (<1 cm 
(0.34 in}, 1-10 cm [0.39-3.9 in}, >10 cm [3.9 
in}), and live woody vegetation at four height 
strata (<1 m [3.3 ft}, 1-2 m [3.3-6.6 ft}, >2-5 m 
16.6-16.4 ft}, >5 m [16.4 ft}) were estimated as 
the percentage of 10 point intercepts (at 1-m 
[3.3 ft) intervals along a randomly oriented 
transect) covered by each of these variables. Tree 
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diameters were measured with a dbh tape; 
heights were measured with a clinometer. Shrub 
and slash pile heights were measured with a 
meter stick. Mid-point diameters and lengths of 
logs within the plot were measured with a 
measuring tape. Numbers of trees and shrubs by 
species were recorced. Slope was measured with 
a clinometer and aspect with a compass. 

Deer mice, brush mice, and Mexican 
woodrats were captured in sufficient numbers to 
permit habitat analyses. Stations where cach 
species was captured were contrasted with those 
where it was not captured using analysis of 
variance with owl territory as a blocking factor. 
Two other analyses were also conducted. Logistic 
regression was used to examine differences 
between stations where cach species was and was 
not captured that may not have been identified 
in the ANOVA. Stepwise multiple linear regres- 
sion (Draper and Smith 1981) was used to 
evaluate relationships between small mammal 
population levels and habitat characteristics. The 
dependent variable was the number of trapping 
stations/grid where the species was captured. 
Independent variables were habitat characteris- 
tics aggregated across the grid. 


Results 


Deer mice used more open sites, on gentler 
slopes, and with less shrub and midstory canopy, 
smaller densities of Gambel oak trees and shrubs, 
but more slash piles and greater litter depth than 
stations where it was not captured (Table 5.11). 
In contrast, brush mice and Mexican woodrats 
both used sites characterized by greater slopes, 
low vegetation cover, sparser tree canopy (>5 m 
[16.4 ft]) cover, more Gambel oak shrubs, and 
greater log volume than areas where they were 
not captured (Table 5.11). Further, brush mice 
used areas with greater Gambel oak tree density 
and basal area and less ponderosa pine basal area 
than found at stations where it was not captured. 
Tree basal area at sites where Mexican woodrats 
were captured was significantly less and total 
rock cover was significantly greater than at sites 
where it was not captured. 

Generally, results from logistic regression 
analyses corroborated results of the univariate 
analyses. Deer mice were associated with areas of 
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Table 5.11. Descriptive st:iistics (means with SE in parentheses) of selected habitat variables characterizing habitats of common mammalian prey of 
Mexican spotted owls (4 terniories) in ponderosa pine-Gambcl oak forests, northern Arizona, 1990-1992. 





Deer Mouse Brush Mouse Mexicar Woodrat 











Variable Capture stanons” P P Capture stations P P Capture stations P P 
wn = G9) iw = 295) i" =204) 





Slope 1830 05 < Ds OR > 196 (11 


Cover (%) 
(ras 45 (03 433 04 > 47 06 
Rock 2118 8) - 28.1 (14 < 72 (18 
Down wood (<1 cm) 26 (3) 22 4) 23 4) 
Down wood (1-10 cm} 46 (03) 37 4) < 43 6 
Down wood (>10 cm) 25 (0.2) 23 (03) 30 6005 
Vegetation (<1 m high) 56 (05 < * 13.5 (1.3) > * 120 (15 
Vegetation (1-2 m high) 64 (0.5 = 128 (1.1) > _ 29 (1.5) 
Vegetation (2-5 m high) 142 (08) < _ 24.3 (16) > 4 (18) 
Vegetation (>5 m high) 418 (1.2) - 296 (18) «< 2$.4 (21) 
Shrub density (#/plot) 
(,ambel oak 40 (0.1) < es $4 (0.4) > se 5s) (4 
Ponderosa pine 14 (0.1) = 1.7 (0.2) - © (2 
New Mexican locust 13 (0.1) 28 (02) > = 2.1 ( 
All species 60 (02) < a 10.5 (04) > ” 9.3 (0.5) 
Tree density (#/plot) 
Gsambel oak 05 (0.1) < 0.9 (0.2) > 0.7 (i) 
Ponderosa pine 24 (01) 26 (02) ee 22 (0.2) 
All species $0 (0.1) 3.5 (0.3) 2.9 (0.2) 
Tree basal area (m’/ha) 
Csambel oak 24 (03) 44 (08) > 20 4 
Po: derosa pine IS2 (0.6) _ 11.9 (1.3) < 2 (0) 
All species 18 (0.7) . 164 (1.5) 46 10 
Log density (#/plot) 06 (0.0) ° 06 (1) 06 1 
Log volume (m’/ha) is? (19 27.3 (5.5) > 279 (60 





Table 5.1 1. (continued) 








Deer Mouse Brush Mouse Mexican Woodrat 














Variable Capture stanons’ p* P Capture stations P P (Capture stations | 
7 iyfy* ’] - 295) ay nN ~~ 
Slash piles (#/plot) 0.2 | > 00 i0.1) < 7 og 


Litter depth (mm) 20.7 (0.7 < * 238 6 (13 





stions where the sprocics Was captured at least once 
Comparisons of Capture vs. noncapture stations: >. sagnificantiy greater P< 6.05) a Capture stations than noncapture stations, <, sgnrficantiy bess P < 0.05) at capture stations thar 
onc amt ic Matporns 


Results of tests on territory ettect: ° significantly dittercat (P < 0.05 among territornes; °° significantly difterent (P < 0.05 among territories 


little slope, Gambel oak, and mid-story (2-5 m 
[6.6-16.4 ft}) vegetation. Brush mice and Mexi- 
can woodrats used areas with greater shrub 
density, rock cover, log volume, and Gambel oak 
cover. 
In the multiple regression analysis, no 
variable entered the model for deer mice, sug- 
gesting that it is a habitat generalist. Two vari- 
ables, shrub density and grass height, entered the 
regression model for brush mice. These two 
variables alone explained >96% of the variation 
in the data set. For Mexican woodrats, shrub 
density and slope entered the model and ex- 
plained >92% of the variation in numbers. Thus, 
both brush mice and Mexican woodrats were 
apparently more stenotypic in habitat than deer 
mice and closely associated with shrub cover 
provided by Gambel oak and New Mexican 
locust. 


Sacramento Mountains 


Field Methods and Statistical Analyses 


Habitat characteristics were measured within 
circular plots of 5-m [16.4-ft] radius centered at 
about 80% of the trap stations (w = 1,416). 
Stations were stratified by vegetation commu- 
nity: mesic forest (” = 583), xeric forest 
(n = 578), and meadow (nm = 255). Within each 
plot, methods similar to those described above 
were used with the following exception: tree 
basal area and density were estimated with a 
plotiess method using 10- and 20-factor prisms 
rather than the plot methods used in the ponde- 
rosa pine-Gambel oak forest of northern Ari- 
zona. Also, cover of woody vegetation by height 
strata was not recorded in the Sacramento 
Mountains. 

Deer mice, brush mice, Mexican woodrats, 
long-tailed voles, and Mexican voles were cap- 
tured in sufficient numbers to permit habitat 
analyses. Statistical analyses for cach species were 
done separately by vegetation community. 
Habitat characteristics of trap stations where a 
species was captured were contrasted with 
stations where they were not captured using 
Student's ¢-test. A random sample of unused 
stations equal to the number of used stations was 
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selected to meet the assumption of equal sample 
size except for Mexican voles in meadows, which 
were captured at >75% of the trap stations. 
Consequently, a subset of used stations equal to 
the available number of unused stations was 
randomly selected (n = 62) for conducting the 
analysis. Logistic regression was also used to 
determine the relative value of variables in 
distinguishing berween stations where the 
animal was and was not captured. This second 
analysis was used to detect other variables that 
might identify habitat correlates not identified 
by use of Student #-tests. 


Results 


Mesic Forests.—Microhabitat analyses were 
possible for deer mice, Mexican woodrats, and 
long-tailed and Mexican voles. Deer mice were 
captured in areas with little herbaceous cover and 
extensive exposed soil (Table 5.12). Results from 
the logistic regression indicated that deer mice 
used areas with less herbaceous cover and greater 
densities of live conifer trees. Mexican woodrats 
used areas that had greater shrub but less herba- 
ceous cover (Table 5.13). Shrub cover was the 
only variable included in the stepwise logistic 
regression model of habitat use by Mexican 
woodrats. Long-tailed voles occurred in areas 
characterized by less slope, less tree cover and 
exposed soil but greater herbaceous cover, fewer 
stumps, greater shrub numbers, and fewer 
conifer snags (Table 5.14). According to the 
logistic regression model, long-tailed voles used 
areas with less exposed soil, greater shrub density, 
and less slope. Mexican voles used sites with less 
shrub, tree and exposed ground cover, greater 
herbaceous cover, fewer shrubs, fewer conifer 
seedlings and saplings, lower density and less 
basal area of deciduous trees (Table 5.15). 
Mexican voles used sites with less tree cover and 
lower deciduous tree density according to the 
logistic regression model. 

Xeric Forests.—Wabitat analyses were 
possible for deer mice, brush mice, Mexican 
woodrats, and Mexican voles. As in mesic forests, 
deer mice occupying xeric forests were captured 
in areas with more exposed soil than at 
noncapture stations (Table 5.12). In contrast 
with mesic forests, deer mice in xeric forests were 
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Table 5.12. Habitat characteristics used by deer mice in three vegetation communities of the Sacramento Mountains, New Mexico. Only those variables 
that differed significantly berween trap stations where deer mice were and were not captured are reported. 

















Mesic Forest Xeric Forest Meadow 
Random Used" Random Used" Random Used" 

Variable (n=155) (n=155) (n=185) (n=185) (n=40) (n=40) 
Slope (degrees) $7.7 1] 38.7 (1.1) 32.1 (0.6) 27.3 0.7)" 158 12 21.5 (1.9)° 
Herbaceous cover (%) 408 2.6) 31.0 (2.3)°° %7 8 (18) 33.7 (1.8) 95.0 2 6) 873 = (3,3) 
Shrub cover (%) 68 2.1) 22.5 (2.2) 15.4 (1.4) 19.6 (1.6)° 23 1.0) 35 (1.9) 
Rock cover (%) 47 0.8) $0 (0.9) 3 361.8) 41.7 (1.6)°"* 03 0.3) 08 (04) 
Bare ground (%) 45 (2.6) 626 (2.4)° 384 (2.0) 483 (1g) 20 (0.9) 93 (? 7) 
Litter depth (cm) 0.2 1.7) 0.5 (16) 156.5 (1.0) 189  (1.2)° 85 (1.9) 30 ©=(1.2)° 
Grass-forb height (cm) 42 (0.5) 3.0 (0.4)° $3 (4) 49 (0.4) 21.3 (1.8) 198 (2.1) 
Shrub species richness 48 (02) 44 (0.2) 32 0 ©=—(0.1) 34 (0.1)° 02 @1) 08 (0.3)° 
Conifer tree density 

(10 BAF prism) 43 (0.3) 37 (0.4) 08 (0.1) 19 (0.3)°* 04 (0.2) 07 (03) 
Conifer tree density 

(20 BAF prism) 66 (0.3) 78 (0.4)** 25 (0.2) 37 (0.6) 08 (0.2) 12 (0.5) 
Conifer basal area 

(m’/ha) 03 (1.2) $9 = (L7y"* 1S (7) 170 (2.8) $8 (LM) $4 (2.1) 





Significant t-tests of used vs. random plots are indicated by: * P < 0.05, ** P< 0.01, °** P< 0.001 
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Table 5.13. Habitat characteristics used by Mexican woodrats in two vegetation communities of the Sacramento Mountains, New Mexico. Only those 
variables that differed significantly between trap stations where woodrats were and were not captured are reported. 














Mesic Forest Xeric Forest 

Random Used’ Random Used" 
Variable im= 35) (n= 35) (n=66) (n=66) 
Herbaceous cover (%) 91 (5.6) 24.3 (3.8)° 48 (3.2) 31.7 (2.8) 
Shrub cover (%) 18.9 +8) %.9 + (5.4)** 13.5 (2.2) 23.0 (3.0)° 
Shrub density (#/plot) 44.0 (6.6) 427 (5.5) 33.7 8 8=66(4.3) 63.6 (14.0)° 
Gray oak density (#/plot) 0.0 0.0 245 (4.0) $29 (13.8)° 
Shrub, sapling, & seedling density Si.0 0 (11.2) 60.8 (8.2) 40.2 (46) 726 (14.3)° 





, Significant t-tests of used vs. random plots are undicated by 


"P< 005,°°P<0.01, 
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*** P< 0.001 
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Table 5.14. Habitat characteristics used by long-tailed voles in rwo vegetation communities of the Sacramento Mountains, New Mexico. Only those 
variables that differed significantly berween trap stations where long-tailed voles were and were not captured are reported. 














Mesac Forest Meadow 
Random Used" Random Used" 

Variable (n=156) (n= 156) (n=45) (n=45) 
Slope (degrees) 424 (11) 33.3 «(.y""* 16.7 (1.2) 20.1 (1.7) 
Herbaceous cover (%) 25.1 © (2.1) $64 (23)°"° 94 (1.2) 90.0 (28)° 
Tree cover (%) 763 (2.2) 624 (28)°* 16.7 (45) 20.9 8 8= (5.2 
Bare ground (%) 710 8=(2.2) 37.7 (23)°"° 36 = (1.2) 80 8 8=— (2.7) 
L .ter depth (cm) 49 = (1.6) 29.3 (1.7) 4) 37) A) 
Grass-forb height (cm) 27 (3) 5.7 (0.6)"** 06 213 (1.8) 
Stump density (#/plot) 08 (0.1) 05 (@.1) 0.0 (0.0) 00 (0.0) 
Shrub density (#/plot) %3 = (2.6) 99.4  (7.3)"* 62 (26) 18.3 = (5.0)" 
Shrub, sapling, & seedling density $3.2 (3.9) 761 (8.5)° 120 (5.2) 3.0 8= (8.9) 
Shrub species richness 49 (0.2) 47 (0.2) 04 (0.1) 10 §©.2)° 
Conifer snag density 

(20 BAF prism) 08 (0.2) 04 (0.1) 0.1 (0.0) 00 (00) 
Conifer snag BA (m’/ha) 39 = (0.8) 19 (0.3)* 03 (0.2) 0.1 (0.1) 





’ Sogreficant t-tests of used vs. random plots are indicated by. * P « 0.05, ** P< 0.01, *** P < 0.001 
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Table 5.15. Habicat characteristics used by Mexican voles im three vegetation communities of the Sacramento Mountains, New Mexico. Only those 
variables that differed sagnificantly berween trap stanions where Mexican voles were and were not captured are reported. 

















Mesac Forest Xeric Forest Meadow 
Random Used" Random Used" Random Used" 
Variable im= 155) (n= 1595) (m= 185) (m= 185) in=40) in=40) 
Slope (degree) 43.7 +6 2 (3.4)"" 9 (0.9) 33.0 (0.9) 222 (1.1) 142 “.9)""° 
Herbaceous oc«-r (%) “4 6&3 “5 ‘6.2)°" “9 29) 43) (2 9;° a7s () 4) on 4 ogee 
Shrub cover (%) 33.3 ‘4 iS? ($.S)° 67 864 169 (2.1) 23 (12) 3 (1.0) 
Tree cower (%) %” ‘a 76 «ore 425 G7) 424 3.7 126 )=—(3 4) 129 (a3) 
Bare ground (%) %6” (6 &) 10 ($9) “44 (3.2) M1 (28) 103 = 8=6(2.1) 1s (1.oyrr" 
Litter depth (cm) uo 643 1 8 86«G4) 76 =.) 203 (16) 23 9) 95 ae 
Grass-forb heaght (cm) 24 6) 77 (1.7 $1 (0 6) 72 @7y 40) (O18) 281 (1.4y°"" 
Shrub density (#/plot) oo (49%) 26 «63s $38 (116) 44 (106) 60 (25) 72 (4.3) 
Shrub, sapling, & seedling 
: 65 674) “9 )=©6@@y 25 «107 617 8 §6(10.9) 101 46) 138 (8.6) 

Shrub species nchness $1 4) 400CO@yY 340 1) 43 (0.2) 05 @1) 03 (0.1) 
Deciduous tree density 

(20 BAF prism) 13 865) Oo: w.4y oo 0) 00 (0 0) 02 @1) 62 (0.2) 
Conifer snag density 

(20 BAF prism) 6S (2) 02 @1) Oo! @1) 04 0.1)" 00 (00) 00 (0.0) 
Deciduous tree BA(m'vha) 6) (21) 62 @2" oi @1) 00 07 @4) 10 (0.7) 
Conifer snag BA (m'/ha) 24 (10) li = @) 06 2) 20 = sy" 62 ©.) 0 00 





* Significant ¢-tests of used ws. random plots are indicated by * P< 005 “* P< 0.01, *** P < 0.001 z/ Y 
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found on flatter areas with less rock but greater 
shrub cover, and greater density and basal area of 
live conifer trees (t-test, P < 0.05). Logistic 
regression identified slope, density of live conifer 
trees, litter depth, and number of shrub species 
as usctul variables for distinguishing deer mouse 
habitat. Brush mice were found /n areas having 
less tree cover, greater rock cover, shallower litter 
depth, greater densities of shrubs, gray oak, and 
conifer seedlings and saplings, but fewer conifer 
trees (Table 5.16). Logistic regression results 
indicated that brush mice used areas with shal- 
lower litter depth, greater shrub density, and 
fewer conifer trees. Mexican woodrats were 
captured in areas with greater shrub cover and 
density, and greater cover by gray oak (Table 
5.13). Shrub cover was the only variable that 
discriminated capture from noncapture sites by 
logistic regression. Mexican voles were found at 
sites with greater herbaceous cover and height, 
and greater density and basal area of conifer 
snags (Table 5.15). Logistic regression identified 
two variables, density of conifer snags and height 
of herbaceous cover, as habitat discriminates for 
Mexican voles occupying xeric forests. 
Meadows.—Deer mice, long-tailed voles, 
and Mexican voles were captured frequently 
enough to permit analyses. As in both forest 
types, deer mice occupying meadows were 
captured in areas with more exposed soil (Table 
5.12). These mice also used areas with steeper 
slopes, shallower litter depth, and more shrub 
species (Table 5.12). Logistic regression indi- 
cated that only steeper slopes could be used to 
distinguish between capture and noncapture sites 
of deer mice. Long-tailed voles were captured at 
stations with less herbaceous cover, greater shrub 
density, and a greater number of shrub species 
(Table 5.14). Even though cover by herbaceous 
vegetation was less at capture stations, it still 
averaged 90.0% (SE = 2.8). Shrub density and 
herbaceous cover were the two variables that 
separated capture from noncapture sites using 
logistic regression. Mexican voles were found on 
flatter areas with greater herbaceous cover and 
height, greater litter depth, and less exposed 
ground (Table 5.15). Logistic regression identi- 
fied slope, height of herbaccous vegetation, and 
litter depth as habitat variables associated with 


the presence of Mexican voles in meadows. 
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DISTURBANCE EFFECTS ON 
OWL PREY AND HABITAT 


The distribution and abundance of the 
spotted owl's prey are influenced by both natural 
and anthropogenic factors. Though all tactors to 
some degree have formative character, many are 
more accurately describec as disturbance factors. 
Definitions of casturbance and the magnitude of 
associated effects vary according to ecological 
scale and conditions. Here, we bricfly discuss 
fire, tree harvesting, and livestock grazing be- 
cause these activities operate at spatial scales 
likely to influence spotted owls. Specifically, they 
may determine whether an owl occupies and 
reproduces in a given areca. Important to this 
di.cussion is the clement of human control over 
these disturbance activities. 

We know little about direct cause-effect 
relationships of most natural and anthropogenic 
disturbance factors on owl prey populatics«. 
Correlative intormation allows us to infer some 
effects but most published research is from areas 
outside the range of the Mexican spotted owl. 
Their applicability to southwestern conditions is 
uncertain. Furthermore, effects of disturbance 
will vary by species, time, and space. Conse- 
quently, it is important to view disturbance at 
each of these scales. The issue becomes even 
more complicated when one considers the 
synergistic and cumulative effects of multiple 
disturbances. The latter scenario is more likely 
the norm than the exception. 


Fire 


Generalizing about the effects of fire on the 
owl's prey is impossible for a number of reasons 
including variations in fire characteristics and in 
prey habitat. Fire intensity, size, and behavior are 
influenced by numerous factors such as vegeta- 
tion type, moisture, fuel loads, weather, season. 
and topography. Data presented in the previous 
sections illustrate how macrohabitat and micro- 
habitat associations of the owl's prey vary both 
geographically within a species and among 
species. 

Fire can effectively alter vegetation structure 
and compos tion thereby affecting small mam- 











Table 5.16. Habitat characteristics used by brush mice in xeric forests of the Sacramento Mountains. New Mexico. Only those variables that differed 


significantly between trap stations where brush mice were aad were not captured are reported. 











Xeric Forest 
Random Used’ 

Variable (n=184) (n= 184) 

Tree cover (%) 44.9 (2.5) 447 8 (2.3)°° 

Rock cover (%) 20.7 (1.7) 315 “cy 

Bare ground (%) 46.8 (2.0) 409 (1.9) 
_____ Litter depth (cm) 21.2 (1.2) 118 §©6(o.8y"** 
/ Stump density (#/plot) 0.3 (0.1) 01 (0) 

Shrub density (#/plot) 39.3 (3.6) 69.3 (7.4)""* 

Gray oak density (#/plot) 2779 = (3.4) $6.8 (7.2)""* 

Shrub, sapling, & seedling density 476 = (4.0) 7.9 ~=(7.6)"** 

Conifer tree density 

(20 BAF prism) 3.68 (0.38) 203 (0.13)"*" 
Conifer tree BA (m’/ha) 16.9 (1.7) 929 (061) 





* Significant t-tests of used vs. random plots are indicated by: * P < 0.05, ** P < 0.01, *** P < 0.001 
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mal habitats. Population responses by small 
mammals to fire-induced changes in their 
habitat vary. For example, deer mouse popula- 
tions might increase immediately following fire 
and then decrease through time (Peterson ct al. 
1985, Kaufman et al. 1988). Based on limited 
sampling efforts restricted to one location, 


Campbell et al. (1977) noted that populations of 


peromyscid mice decreased immediately follow- 
ing fire in an Arizona ponderosa pine forest that 
removed one-fourth (moderately burned) to 
two-thirds (severely burned) of the basal area; 
populations then returned to prefire numbers 
two years following the burn. Further, no ditter- 
ences were found in rodent populations be«veen 
moderately and severely burned areas. Thes 
concluded that the effects of the fire that they 
studied were short-term, and the short-term 
positive numerical responses by mice were 
attributed to an increase in forage, particularly 
grasses and forbs. 

However, we suspect that effects of more 
intense stand-replacing fires that dramatically 
alter forest structure and move the system to 
earlier seral stages would have longer-term ¢flects 
on rodent populations. | :kely, carly successional 
species (such as the deer mouse) and those that 
require open habitats with a well developed 
herbaceous understory (such as microtine voles 
and pocket gophers) would benefit. In contrast, 
species that require a wooded or forested over- 
story would exhibit population declines. The net 
effect of st ch fires on spotted owls is unclear. A 
fire that rensowes the tree canopy would likely 
render the area unusable for foraging because of 
how spotted owls forage. But if the spatial extent 
of crown loss is limited, a mosaic is created that 
could provide a diversity of prey for the owl and 
actually be beneficial. 

Clearly, research is required to determine the 
effects of fire on spotted owl prey. Because owl 
prey species evolved in ecosystems where fire was 
a natural process, we assume that these species 
survive and some even benefit from the occur- 
rence of fire. rire has been excluded from most 
southwestern ecosystems during the 20th cen- 
tury, resulting in systems where fire behavior 
may deviate substantially from natural condi- 
tions. Effects of fire on small manimals under 


present environmental conditions are unclear. 
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Timber Harvest and 
Fuelwood Removal 


Numerous silvicultural methods are used to 
harvest timber in the Southwest. These include 
both even-aged (predominantly shelterwood 
systems) and uneven-aged (c.g. single tree, 
group selection systems) management. Further, 
these systems are applied differently according to 
site characteristics and management objectives. 
Given the various scenarios for silviculture, 
generalizing about their effects on prey popula- 
tions is not possible. 

Tree removal, whether to harvest sawlogs or 
tuclwood, will affect natural ecosystem processes 
in numerous obvious and obscure ways. Cer- 
tainly, removal of mast-producing trees (c.g.. 
pinyon pine, juniper, oak) reduces food availabil- 
ity for several of the owl's prey species. Also, 
removal of tree biomass from the site will inter- 
rupt both nutrient cycling and energy flow. The 
effects of altering these processes on owl prey 
populations is unknown, but the disturbance 
may likely benefit some species while negatively 
affecting others. Tree removal and accompanying 
site disturbance during and following removal, 
plus residual disturbance such as soil compac- 
tion, increased erosion, and creation of slash 
piles, will directly alter habitats of many prey 
species. Block and Ganey (unpublished data) 
found more deer mice in areas with slash than 
areas without slash. In the same general area, 
Goodwin and Hungerford (1979) noted that 
brush mice and Mexican woodrats used long 
windrows of slash following logging. Block and 
Ganey (unpublished data) sampled the same 
areas 18-20 years after the Goodwin and 
Hungerford «tudy and captured few woodrats 
and brush mice. This suggests a temporary 
benefit of slash piles in that they may provide a 
short-term habitat component that is not used as 
the slash becomes compressed and decomposes. 

As noted above, effects of tree removal on 
small mammals varies by prescription and site 


characteristics. The effects are somewhat scale 
dependent. Prescriptions for even-aged, 
shelterwood cuts or clearcuts effectively return 
large areas, the size of stands or greater, to earlier 
seral stages. Small mammal community structure 








is correlated to plant seral stage (Fox 1990, 
Kirkland 1990). Thus, following even-aged 
management, populations of some species will 
respond positively and others negatively. As ume 
progresses and vegetation proceeds through 
succession, population dynamics of species will 
change in response to changing habitat condi- 
tions and community structure. Areas subjected 
to even-aged management may not provide 
appropriate foraging habitat for the spotted owl 
(see Ganey and Dick 1995). This means changes 
to small mammal populations within the har- 
vested areas may not affect the owl prey base 
directly because those animals may not be 
available to the owl. However, the same small 
mammal populations may provide a source of 
individuals that disperse into adjacent owl 
foraging habitat. 

Uneven-aged management would likely be 
used over large areas and does not create small 
stands, but rather it creates groups or clumps. 
Mosaics of habitat provide diverse plant commu- 
nities and other conditions chat, collectively, can 
support a rich diversity of fauna. Populations of 
different species may respond variably to aspects 
of the mosaic pattern, such as conditions within 
each patch type, patch size and shape, and 
interspersion and juxtaposition of these patches. 
Mosaic patterns resulting from timber manage- 
ment prescriptions such as single-tree or group 
selection cuts may in some ways mimic natural 
disturbance patterns and create canopy gaps. 
This does not imply that effects of silviculture 
are equivalent to those of natural disturbance, 
only that the resultant spatial patterns are some- 
what similar. 

Clearly, research is needed to determine 
cause-effect relationships of tree removal on 
spotted owl prey populations, the hunting ability 
of the owl, and the mosaic patterns which best 
conserve owl populations. Such research will 
entail experiments conducted at varying spatial 
and temporal scales to understand the truce 
magnitude of the effects. Until these experi- 
ments are conducted, effects of tree removal on 
prey habitat and populations must be based on 
speculation and conjecture. Future sianagement 
conducted within a scientific and experimental 
context may provide a means for establishing 
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cause-effect relationships (see USDI 1995: 
Activity-Specific Research Section, Part IILE_). 


Grazing 


The effects of livestock and wildlife grazing 
on spotted owl prey populations and their 
habitats is also a complex issuc. Impacts can vary 
according to grazing species; degree of use, 
including numbers of grazers, grazing intensity, 
grazing frequency, and timing of grazing; habitat 
type and structure; and plant or prey species 
composition. It is well documented and intuitive 
that repetitive, excessive grazing of plant com- 
munities by livestock can significantly alter plant 
species density, composition, vigor, regeneration, 
above or below ground phytomass, soil proper- 
ties, nutrient flow, water quality, and ultimately 
lead to desertification when uncontrolled 
(Kauffman and Krueger 1984, Orodho et al. 
1990, Vallentine 1990, Milchunas and 
Lauenroth 1993). These effects can have both 
direct and indirect adverse impacts on animal 
species that are dependent on plants for food 
and cover. However, moderate to light grazing 
can benefit some plant and animal species under 
certain conditions and in certain environments, 
maintain communities in certain seral stages, 
and increase primary productivity (Reynolds 
1980, Hanley and Page 1982, Kauffman and 
Krueger 1984, McNaughton 1993). Further, 
direct influences of livestock on plant communi- 
ties are not always reflected in small mammal 
communities (Grant et al. 1982). Thus, any 
generalizations presented here should not be 
construed as absolute; there are exceptions. 

No studies document the direct and indirect 
effects of livestock and wildlife grazing on the 
Mexican spotted owl or its prey (see reviews by 
USDA Forest Service 1994, Utah Mexican 
Spotted Owl Technical Team 1994). We found 
only one study that specifically investigated the 
effects of livestock grazing on an upland forest 
owl, the tawny owl (Putnam 1986). However, 
the design and limited sampling eftort of this 
study prevents extrapolation to the Mexican 
spotted owl. Interpretive extrapolations are 
further hampered because most livestock-effects 
studies on small mammals have been conducted 




















small mammal captures were observed in both 
exclosures in 1985 compared to grazed areas 
downstream. Small mammal captures were 
reduced and indistinguishable in 1986 but some 
cattle trespass had occurred into the control 
exclosures. Fewer species were captured in the 
grazed arcas. Mountain voles and decr mice were 
found in both grazed and ungrazed situations, 
whereas least chipmunks and golden-mantled 
ground squirrels were found only in ungrazed 
areas. 
Other studies have shown similar results: 
lack of a numerical decrease by deer mice to 
grazing (Reynolds 1980), and significant de- 
crease in voles caused by grazing induced loss of 
cover in mesic habitats (Grant ct al. 1982). If 
these general patterns can be applied to upland 
habitats of the Southwest, we would expect 
moderate to heavy grazing to decrease popula- 
tions of voles and improve conditions for deer 
mice in meadow habitats. Such decreases could 
negatively influence spotted owls occupying 
areas in the Upper Gila Mountains, Basin and 
Range - East, and portions of other RUs where 
voles are common prey or used as alternative 
food sources when other prey species are dimin- 
ished. 

Increases in deer mouse abundance in 
meadows probably would not offset decreases in 
vole numbers because voles provide greater 
biomass per individual and per unit of area. Loss 
of perennial grass cover in xeric communities 
used by owls, specifically, ponderosa pine forest 
and pinyon-juniper woodlands, duc to grazing 
may reduce deer mice and Mexican vole popula- 
tions. The reduction of these prey species in 
xeric communities could be more critical than 
that in meadows if xeric habitats are necessary 
for winter foraging by the owls. 

Finally, high intensity grazing in riparian 
communities during the fall and winter seasons 
where grass seedheads may be totally removed 
can cause significant short-term decreases in 
small mammal populations (Kauffman et al. 
1983). Continued heavy grazing in upland or 
lowland riparian communities could therefore 
greatly reduce the potential for utilization by 


foraging, dispersing or wintering spotted owls. 
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CONCLUSIONS 


Mexican spotted owls consume a varicty of 
prey throughout their range but commonly cat 
small and medium-sized rodents. However, the 
owl's food habits vary according to geographic 
location. For example, spotted owls dwelling in 
canyons of the Colorado Plateau take more 
woodrats, and fewer voles and birds than do 
spotted owls from other areas. In contrast, 
spotted owls occupying mountain ranges with 
forest-meadow interfaces, such as the Basin and 
Range - East, Southern Rocky Mountains - 
Colorado, and Upper Gila Mountains RUs, take 
more macrotine voles The differences in dict 
likely reflect geographic variation in population 
densities and habitats of both the prey and the 
owl. 

No strong rangewide relationships appeared 
in our analyses of the owl's dict and reproduc- 
tion. The relationship was positive and nearly 
agnifice~* when comparing the prevalence of 
the three most common prey (peromyscid mice, 
woodrats, and voles) in the dict and owl repro- 
duction, implying that multiple species influence 
the owl's fitness. However, this generalization 
may not apply to owls in the Sacramento Moun- 
tains where the owl's reproduction appears most 
influenced by deer mouse abundance. In addi- 
tion, the predominance of woodrats, both in diet 
frequency and biomass throughout much of the 
owl's range, suggests that a single prey may 
influence the owl's fitness. Other studies have 
shown positive associations between larger prey 
(e.g. woodrats) in the diet of northern and 
California spotted owls and its reproductive 
success (Barrows 1987, Thrailkill and Bias 
1989). The lack of more specific results should 
not imply that a simple relationship between 
dict and reproduction or other fitness measures 
does not exist. Rather, those relationships are 
more complex than are evident by the available 
information and analytical approaches used in 
producing this report. In most cases, total prey 
biomass is likely more influential on the owl's 
fitness than the abundance of any particular prey 
species. Other factors worth exploring would be 
lag effects such as the effects of winter dict on 
breeding potential, prey diversity, or synergistic 








effects of diet with factors like owl density, 
weather, and habitat. 

Studies conducted in four vegetation com- 
munities demonstrate that abundance of the 
owl's food varies according to habitat and ume. 
In the Sacramento Mountains, the greatest prey 
biomass is found in high-clevation meadows 
occurring along riparian corridors. Common 
prey species occupying these meadows are long- 
tailed voles, Mexican voles, and deer mice. 
However, abundance alone does noi accessarily 
connote availability. Availability inters co- 
occurrence of owl and prey plus coincidental 
vulnerability to predation and ability to capture. 
Successful capture of meadow-dwelling rodents 
may be restricted to areas near forest edges 
coinciding with the presence of foraging perches. 
Rather, meadow habitats may play an indirect 
role by producing high densities of prey that 
become available to owls following dispersal into 
adiacent forests. Owls in the Sacramento Moun- 
tains consume a moderate-to-large proportion of 
voles during years of high vole density. 

Summer prey biomass in mesic (mixed- 
conifer) forests can be greater than in xeric 
(ponderosa pine-pinyon-juniper-oak) forests of 
the Sacramento Mountains for two reasons. 
First, all five prey species common to this owl 
occur in mesic forest, whereas only four occur in 
xeric forests, where long-tailed voles are absent. 
This vole can provide an average mass of 32 g 
(1.1 02) to an owl and it is the second most 
abundant species occurring in the mesic forests. 
Second, deer mice dwelling in mesic forest can 
attain great summer densities during certain 
years. This same pattern has not been cbserved 
in the seemingly more stable xeric forests. Prey 
composition and abundance in ponderosa pine- 
Gambel oak forests of northern Arizona are 
similar to the xeric forests of the Sacramento 
Mountains. In both areas, deer mice are ubiqui- 
tous and the Mexican woodrat and brush mouse 
are patchy in distribution and abundance. In 
contrast, Mexican voles are apparently less 
abundant in pine-oak forests of northern Ari- 
zona compared to xeric forests in the Sacramento 
Mountains. Whether low densities of voles in 
this forest type are natural or the result of past 
management activities is unknown. However, 
decreases in herbaceous biomass resulting from 
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unnaturally dense forest conditions may explain 
low numbers of voles in these forests. 

Arranging the four vegetation communitics 
according to summer prey biomass indicates that 
meadows > mixed-conifer forest > ponderosa 
pine-pinyon-juniper-oak woodlands > ponderosa 
pine-Gambel oak forest. When considering 
other factors that influence the availability of 
prey, mixed-conifer forests likely provide the 
greatest amount of food during summer periods. 
Rearranging the same communities according to 
winter prey biomass indicates that meadows > 
ponderosa pine-pinyon-juniper-oak woodlands > 
ponderosa pine-Gambel oak forest > mixed- 
conifer forest. Accounting for the availability of 
prey, woodlands with a mixture of ponderosa 
pine, pinyon-juniper, and oaks provide more 
prey to owls during winter months than the 
other three communities. 

Prey biomass is usually greater in all commu- 
nities during summer periods when owls raise 
their young. However, temporal peaks of prey 
cycles are not correlated among vegetation 
communities. That is, when prey are abundant 
in mixed-conifer forest one year and low a 
subsequent year, an opposite pattern may occur 
in a different vegetation community. The 
asynchrony of abundance among prey specics, 
vegetation communities, and time may provide a 
buffer against the effects of extreme oscillation in 
prey cycles. This implies the importance of 
maintaining a mixture of vegetation communi- 
ties to ensure a diverse and abundant prey base 
within the owls foraging range. 

An important concept exemplified by our 
analyses is that the habitat of cach prey species is 
unique. This finding clearly indicates a need for 
providing a variety of conditions which are used 
by the different species of prey. For example, in 
the ponderosa pine-Gambel oak forests of 
northern Arizona, deer mouse abundance shows 
little variation according to forest structure and 
composition whereas Mexican woodrat and 
brush mouse abundance are strongly correlated 
to understory characteristics, specifically log 
volume and shrub cover. Further, Gambel oak 
density is greater within habitats of the woodrat 
and brush mouse than occurs randomly in the 
forest. These habitat components are rarely 


considered in planning forest management 











activities but should be to provide appropriate 
habitat conditions for these prey species. Obvi- 
ously, conserving habitat for a diversity of prey 
may help buffer against population fluctuations 
of individual prey species and provide a less 
stochastic food resource for the owl. 

The consequences of three common distur- 
bances (fire, tumber/fuclwood harvest, and 
grazing) on the owl's prey and habitat depends 
on many factors. Often ecological tradcofts 
result, making exact predictions difficult. Some 
prey species may increase, while others decrease 
for a given disturbance. More detailed predic- 
tions about the influences of these disturbances 
must await more specific research. In general, 
management practices that lead to discernible 
reductions in total prey biomass or diversity over 
large areas will not promote owl recovery. 
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